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Thb following lectures were deHvered dnring the Session 
1882-3, in the Hall of the Society of Engineers, at the 
request of the Council of the Society, who arranged for 
several courses of lectures of a character calculated to prove 
of practical utility to the junior members of the profession, 
and of which the present '^oMed the first course. They 
are now published with a view to their being used as an 
introduction to a more advanced course of lectures which 
is in contemplation. 
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Notes and Errata. 

6, line 10 from bottom, /or Steel 35-50 read Mild steel 28 '28: 
2 „ for Steel 8 • 12 read Mild steel 7 • 6. 

7,/or 15-46 r^arf 12-368. 
9, erase intensity of. 
12, erase intensity of. 
13,/or 12-19 r^od 10-67. 
10 from bottom, after C insert w, 
6, for be read b C. 
„ H 15 from bottom^ for C W read C tp. 
16, „ 10 „ /or W : P reck? to :/?. 

„ „ 9 „ for P : W read p : to, 

31, „ 16 „ for Ac read Ae. 

32 Note to follow end of line 2. — ^The shearing strain at any point in 
any girder is equal to the amount of load passing through that 
point towards the nearest support. 

41, last line, read - ^^ (the squaring 2 having dropped out in some 
copies), ° ^ 

55. Refer to paragraph commelieing middle of p. 17 before reading 

this chapter. 

56, line 11 from bottom, omtY " To make the diagram . . ."&c.,. 

to end of paragraph, and substitute ^*The quality of the strain, 
whether tension or compression, may be found as follows : — 
On referring to Figs. 27 and 29, Plate 2, it will be seen that 
the forces meeting at a point will form a closed polygon, 
having, the lines running concurrently, the direction of the 
arrow-head in the reciprocal figure giving the direction of 
the force in the force diagram. Applying this principle to> 
Figs. 116 and 117, we know BC in Fig. 116 acts upwards, 
and starting with BC upwards on Fig. 117 we follow round 
the closed figure to see the direction of the parts ; C A inclined 
downwards towards the joint and therefore indicating com- 
pression ; A B horizontal and towards the right, away from 
the joint in question, and therefore indicating tension." 

62, line 9. Note. — The diagram would not have been reversed had 

the line G H been taken upwards in its proper direction. 

63, line 16, for P and Q read and N. 

„ line 5 from bottom, after A C insert^ " because the vertical bars 

equalise the loading." 
„ line 4 from bottom, after U add, Draw A B, W B ; then B D, C D ;. 

and make DE = AT -i- JT W. 
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LECTURE L 

Introduction-^VarietieB and properties of iron — Definitions of load, 
stress, and strain — Various modes of strain— Popular use of term 
strain— Breaking weight — Safe load — Factor of safety — Strength 
of wrought iron, steel, and cast iron — Sectional area — Substitution 
of letters for words and figures — Forinulse— Leverage— Division 
into three orders— Principle of each identical — Power, weight, and 
fulcrum, terms only nominal — Power or active force, weight or 
pasbive force — ^Leverage, simply a question of proportion — Con- 
version into formulae — Examples. 

In the course of lectures commenced this evening, I shall 
place before you the subject of Strains in Ironwork in as 
simple and practical a manner as I am able, assuming that you 
know nothing of mathematics beyond the first elements of 
arithmetic, and I shall endeavour, without going higher than 
the rules of simple proportion, to make clear to you all you 
require to learn in order to determine the amount of stress in 
the different parts of a structure, from a simple bolt or rivet 
to the complete framing of some of the gigantic works in 
iron now called for by modern engineering. . The import- 
ance of this study cannot be overrated, whether we consider 
the Civil Engineer and the Architect who give the first con- 
ception of the structure, the Draughtsman who works out the 
detail of the design, or the Mechanical Engineer and Con- 
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tractor who carry it into practice ; everyone who has to do 
wth either the design or the execution must have a more or 
less complete knowledge of the stresses and strains, in order 
that his portion of the work may be successfully carried out. 
The want of this knowledge is often apparent in the works 
of Architects i the use of iron is comparatively new to them, 
although now indispensable, and they are too often satisfied 
to leave the contractor to ascertain the necessary amount oi 
material : a practice which, there is little doubt, has some- 
times led to disastrous results ; but as the contractor is paid 
by weight, the error is generally on the safe side. 

4 knowledge of the physical properties of iron, and the 
mechanical details of its formation into members and 
structures, form of course a large part of the stock-in-trade 
in designing, but the " calculation of strains " as it is called 
must be looked upon as certainly the most important item. 
This tells you what amount of stress must be provided 
against in the various parts, but it does not tell how to pro- 
portion the shape of the parts. It clothes a skeleton of the 
structure with figures representing the forces to be resisted, 
and undertakes all the theoretical portion of the work, prepare 
ing it for the^ practical designer, who, in place of the figures, 
draws in the breadth and thickness of the parts. 
. It w]|l be necessary briefly to call your attention to a few 
facts connected with ther material, in order that you may 
appreciate the difierent forms we shall investigate. 

Iron is known under thiee principal varieties: wrought 
iron, steel, and cast iron ; and, strange as it may seem, the 
only essential difierence between these three varieties is the 
amount of charcoal or carbon combined with the iron. The 
purest is Wrought Iron, it contains not more than J lb. of 
earbon in 100 lbs. of iron. It is malleahle, can be forged or 
hammered into various shapes at a red heat. It is ductile, 
qan be rolled into plates and bars, drawn into rods of different 
sizes and even into fine wire. It is wddahUy pieces can be 
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joined together at a white heat by hammering them, making 
one solid piece equally strong throughout. It is softy con- 
sidered as a metal, waAjihrouB or stringy with a grain some- 
what after the nature of wood, running in the direction of 
its length. It is tough and elastic. It rapidly oxidises or 
rusts in damp climates, if unprotected by paint or otherwise. 

Steel is wrought iron with a little more carbon in it, say 
1 lb. in 100 lbs. of iron, but this slight addition of carbon 
makes a vast difference in many of its properties. There 
are other alleged constituents in steel, but the evidence ifl 
incomplete, and need not trouble us at present. The propor- 
tion of carbon also varies, steel beginning where wrought 
iron leaves off; in fact, the line of demarcation is so slight, 
that there are often samples of metal which one man will 
call iron and another steel, even after an elaborate chemical 
analysis. Steel is malleable and ductile, but requires more 
care in working than wrought iron, and a lower temperature. 
It is weldable if the carbon is not present in too great a pro- 
portion, but when the carbon is in excess the steel can bo 
melted and run into moulds like cast iron. The special and 
significant property of steel is its ability to temper, as it is 
called, or take various degrees of hardness, when made red 
hot and plunged into water, which neither wrought nor cast 
iron will do. Its texture varies from fibrous to crystalline or 
granular. It is much tougher than wrought iron, and mor^ 
elastic, and generally speaking, it would be described as 
stronger. 

Cast Ibon is wrought iron with a large admixture of 
carbon, say 2 to 5 lbs. in 100 lbs. of iron. It is brittle, in- 
flexible, and crystalline, neither malleable nor ductile, cannot 
be welded, but it may be melted at a high temperature and 
poured into moulds or impressions in sand, forming castings 
of the shape required. 

As you might anticipate from this description, one form of 
iron may be changed into another by the addition or sub- 

B 2 
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traction of carbon ; and this is actually done, bnt the method 
and object do not concern us just now. There are a few inter- 
mediate and allied stages which may be noticed ; for instance, 
wrought iron may have the surface converted into steel, 
called case-hardening, in order to give a nibbing surface of 
steel without incurring the expense of steel for the whole 
piece. Cast iron may haye the surface hardened or chilled 
in the process of casting ; this is done where a Tery hard 
surface is required to resist ihe wear and tear, the piece not 
being subject to much strain. Cast iron is sometimes 
partially conyerted into wrought iron, when it is required to 
be tougher than the ordinary cast iron, but cheaper than 
forged wrought iron : this is called maUeahle caM iron. Malle- 
able iron and rolled iron are only other names for ordinary 
wrought iron. Mild steel is only one remore from wrought 
iron, it has all the properties of steel but very slightly or 
mildly. Cast iron is sometimes spoken of only as metal ; at 
other times the term metal is used fo» brass and gub metal ; 
and again, it is used in speaking of the dimensions in the 
same way as the word scantling. The chief and distinctive 
terms to be used are — wrought iron, steel, and cast iron. 

There are two principal varieties of fastenings adopted in 
connection with ironwork, viz., bolts and rivets. Bolts are 
pieces of round iron with a solid head at one end and a loose 
nut screwed on at the other. Eivets are also pieces of round 
iron with a solid head at one end, but they are plain at the 
other end. When used the rivet is made red hot, put through 
the pieces to be joined, and held firmly, while another head 
is formed by hammering the point down. On account of the 
hammering required, riveting is not suitable for cast-iron 
structures, as the metal is too brittle to withstand the shocks ; 
it is fortunately not miifih wanted, however, as castings may 
be made very large and require few joints. Wrought iron is 
mostly riveted, as it is ft cheap and permanent mode of con- 
necting the parts, but no rivets are used larger than one inch 
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diameter in ordinary work; when such would be required, 
bolts are resorted to. Instead of having two or three bolts 
or rivets to connect a joint, the connection is sometimes made 
by pins or cotters, a single pin being often three or four 
inches diameter. The pin when used alone allows of some 
movement, or *^ hinge-like " play in the joint, which is in 
some cases desirable. 

The strength of any piece subject to direct strain depends 
npon the size or sectional area of its. smallest part, and in a 
whole structure the strength is similarly measured by that of 
. its weakest part Boughly speaking, we may say that twice 
the size gives twice the strength, but there are important 
modifications of the rule, which we shall observe in due 
course. The art of designing economically consists in pro- 
Tiding the maximum of strength with the minimum of 
material, and there would be no scope in this respect il the 
flize alone determined the strength. 

There are three terms used in such discussions as the 
present, which I think it necessary to direct your careful 
attention to« They are — load, strain, and stress. By a Load 
on any member of a structure is meant the aggregate of all the 
external forces acting upon it, including the weight of the 
member itself, and of other parts supported by it. By a Btrain 
ie meant the change of form produced in a piece by the action 
.of a load ; and by a Btbess is meant the resistance set up in 
the material, by its molecular forces opposing the action of a 
load in producing a strain. Stress and strength may be looked 
upon as synonymous terms, although they are not used exactly 
alike. Thus the strength of a piece in a given position may 
be such, that a load of so many Ihs, produces a stress of so- 
many lbs. per square inch, the result being a strain, or change 
of form of a certain amount, whether temporary or per- 
manent, and, when large enough, appearing as stretching, 
shortening, bending, crumpling, or twisting. The term strain 
is commonly used instead of stress, and is usually meant aa 
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Buoh when we speak of the calcnlation of strains ; so that 
although we may use this term as an ordinary office phrase, 
we must bear in mind the distinction when we make a 
systematic study of the subject. 

The various kinds of strain which can come upon any 
member of a structure are : 

Tension : stretching, pulling, tearing. 

CoMFBBSSiON : Crushing, pushing, squeezing. 

Tbansyebse strain : cross strain, bending, deflection. 

ToBSiON : twisting, wrenching. 

Shsabing: cutting, nipping; or, when acting along the 
grain of wood, it is called Dbtbusion. 

BuoEUNO, or crumpling, is a compound strain made up of 
crushing and bending. Transverse strain may be resolved 
into tension and compression ; and Torsion belongs almost 
exclusively to machinery. Shearing may generally be taken 
as equal in amount to tensile streogth, and we hove then 
Tension and Compression left, as two chief strains of opposite 
character, and upon which the others may be said to depend. 
Now, taking these two strains, we And that the stress per 
square inch sectional area sufficient to rupture the material 
when of ordinary quality is as foUows : 

Tension. Compression. 

^ Wrought iron .. 22 tons ,. 18 tons J 

^ \ Steel '8^ „ .. 60 „ \ ^ ^ 

Cast iron .. •• 7 ,, .. 42 „ 

The safe load on a structure is usually taken at ^th the 
breaking weight, |th being in that case called the factor of 
safety, and thus we And that we may safely put the following 
stresses per square inch sectional area upon the material : 

Tension. Compression, 

Wrought iron „ 5 tons ». 4 tons , 

Steel -^ „ .. 1^ „ ^ \ ^ V^ 

Oast iron .♦ ♦. IJ „ m V » 
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These are all within ^ of the ultimate strength, the cast 
iron being from J^ to ^ on acoonnt of the irregnlarities in 
that material. These must be taken as general or approxi- 
mate figures, and for dead or gradually applied loads only ; 
as we shall find, in considering special structures, there are 
specially recognised stresses allowed under the ordinary 
working loads. Greater loads than these might be applied 
without endangering a structure, if we could ensure both 
material and workmanship being thoroughly sound, but 
unfortunately this cannot be done. If the material be 
strained to within ^ of its breaking weight it is liable to 
permanent injury, the atoms being, as it were, pulled so far 
apart that they cannot get back into their proper places again* 

You will observe that wrought iron has nearly the same 
strength in tension and compression, while cast iron has 
nearly six times the strength in compression that it has in 
tension ; and hence, in some structures, cast iron is used for 
the parts in oompression, and wrought iron for those in 
tension. 

Now I must go into figures, and those of you who have 
already some knowledge of the subject must bear with me 
while I explain to those who are quite beginners, how 
sectional areas are found. To find the sectional area of a 
flat or square bar, multiply the breadth by the thickness, and 
the measurements being taken in inches, the result will be 
square inches area. For the sectional area of a round bar 
multiply the diameter by itself and then by 11, and divide 
by 14. But we can put this into a sort of shorthand, very 
compact and useful : 

Square bar a = h Xt 

Round „ a = d xdx ^,ord^ X '7854. 

These are formulsB or equations, and the system of putting 
down letters, instead of figures or descriptions, is neither 
mora nor less than Algebra. If you were to see the section 
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of an angle iTon for the first time, yon would doubtless 
think it a yery difficult matter to obtain the sectional area 
by measurement ; so it is, to get it exactly, but it is an 
easy matter to obtain it approximately. You will see 
(Fig. 1) that it is curved at the edges and the root, and 
tapered along the sides ; but a straight line parallel with the 
back, cutting the centre of the tapered side, would give very 
nearly the same amount of material, and this is how the 
measurement is taken (Fig. 2), a = b X i + (6 — *) X t 

Tee iron, channel iron, and cross iron are found in a 
similar manner. Hollow columns are found by deducting 
the area of the interior from the area of the exterior, each 
being found in the way shown for round bars. 

We come now to the consideration of a few important 
principles in Mechanics which must be mastered beibre we 
go further. The first of these is the lever. Levers are 
divided into three orders, according to the relative position 
of the power or active force, the weight or passive force or 
resistance, and the fulcrum or pivot round which movement 
takes place, or tends to take place, thus : 

1st order. Fulcrum between the others (Fig. 3). 
2nd order. Weight ^ „ (Fig. 4). 

3rd order. Power „ „ (Fig. 5). 

But in each of these arrangements there is only one principle 
involved, and as this is most clearly shown in a lever of the 
first order, we will take that for investigation. The lev&t 
is assumed to be a rigid, inflexible body without weight. 
The fulcrum is situated at any point between the two extre- 
mities, the power is the force or load applied at one end, 
and the weight is the resistance or load at the other end. 
The lever may be curved or straight, but if curved we take 
our measurements of its length in a straight line only, 
measuring from the points of application of the power and 
fulcriim for the leverage of the power^ and from the points of 
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application of the weight and fnlcmm for the leverage of the 
weight The lever may even be assumed to be bent at right 
angles, the fulcrum being at the angle, but our measurements 
will be taken in the same wa j, and there will be no diiSerence 
in its value as a mechanical power in that respect, provided 
that the forces are at right angles to each portion of the 
lever (Fig. 6) ; but if the forces are not at right angles to 
the lever, we must take for the true leverage distance a 
measurement at right angles to the direction of each force^ 
as a&, be (Fig. 7). The distance from the power to the fulcrum, 
as defined in these examples, multiplied by the power, is called 
the moment of the power y and the distance from the weight 
to the fulcrum multiplied by the weight is called the 
moment of the weight. When these moments are equal the 
lever balances, but if one be in excess of the other the lever 
will move until it reaches a position in which it will balance, 
or until it is stopped by some external object. Suppose the 
weight to be taken away and the lever prevented from 
moving by contact with some fixed object, then the pressure 
against this object will be the same in amount as that of the 
weight removed. The power may be represented by 
knuscular force or by any external pressure or load, and the 
weight by any resistance either external or internal. If we 
call the power P, its leverage x, the weight W, and its 
leverage y, we can represent the relationship clearly thus : 

p X « = W X y 

which is called an equation, or the same thing may be 
explained by " rule of three," thus : 

P : W : : y : x; 
and you know that in a proportion sum you multiply the 
second term by the third and divide by the first in order 
to get the fourth, thus : 



10 BTBAIKS IN IRONWORK. 

but if we have any three of the four given, we can find the 
remaining one in the same way, thus : 

W ^ y X 

and, putting the respective loads in lbs., with their distances in 

inches, in place of these letters, we can obtain the arithmetical 

result in any given case. Suppose, for instance, we have a 

case in which the power is 8 lbs., its leverage 12 inches, and 

the leverage on the other side 10 inches (Fig. 8). Taking 

P X a? 8 X 12 

W = , we have W = — r^r — , therefore W = 9t«^, or 

9 

in decimals, 9*6 lbs. as the pressure caused against any 
resistance, or the amount of actual weight it would support. 
Exactly the same rules and lettering will apply to the other 
orders of leverage, and we need not, therefore, take them in 
detail. There is only one point about which Imust caution 
you particidarly, and that is, to take in each case the fuU 
distance to the fulcrum, which is a point sometimes over- 
looked in levers of the 2nd and 8rd kinds. 

In these calculations the lever is assumed to be a rigid, 
inflexible bar without weight. The weight of the lever will 
of course affect the result in any practical case, but by omit« 
ting it for the present, the principles will be much easier to 
understand. To sum up these principles, the product of 
a force into the perpendicular distance of its direction from 
any given point is termed the moment of the force about 
that point. And, taking the power, weight, and resistance 
at fulcrum, as three pressures by which the lever is kept at 
rest, the two terminal pressures must always act in the same 
direction, while the intermediate pressure acts in the opposite 
direction ; the intermediate pressure must always equal the 
sum of the other two ; and, lastly, when equilibrium obtains, 
the moment of the power about the fulcrmn must be equal 
to the moment of the weight 
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QUESTIONS FOB HOME-WOBK. 

Answers io be gwen up at next Ledttre, 

1. Beqnired the breaking weight of a wionght-iron bar 1} inches by 
} inch, having a load hanging to it. (Ultimate tensile etress.)— AnSb 
16*5 tons. 

2. Breaking weight of a steel rod { inch diameter, with a hanging 
load?— Ans. i^L^tona, | ^ . "3 (o I 

3. Safe load on two wroaght-iron plates, oontaining together 9 square 
inches, and being nnder direct thrnst (Safe working intentiity of 
stress in oompression) ? — Ans. 36 tons. 

4. Safe load on three steel bars taken together, each being 1| inch 
by -^ inch, and acting as ties. (Safe working iflt^MgMtfi-ctress in 
tension) ? — ^Ans. 12 'W tons. \0 % (* *^ 

5. Safe load on a hollow cylindrical pieoe of cast iron, 4 inches inside 
diameter, 6 inches outside diameter? — AnsL 109-96 tons. 

6. What sectional area in wrought iron would be required to resist 
ft compressive load of 15*25 tons safely, assuming the piece to be too 
short to bend under the strain ? — ^Ans. 3*82 square inches. 

7. If yon assume cast iron to require a factor of safety of -j^, what 
tensile streaa could yon put upon a pieoe 7i inches by | inch ?— Ans. 
4*6 tons. 

8. A bar 3 feet 6 inches long, supported at 1 foot 6 inches from one 
end, has a weight of 18 lbs. hangins: on the long end ; what pressure 
will be required at the short end to balance it? — Ans. 24 lbs. 

9. A bar 6 feet long is pivoted at one end ; what power would be 
necessary at 1 foot from the free end, to balance a weight of 23 lbs. at 
1 foot from the pivot end? — ^Ans. 4*6 lbs. 

10. A bar 4 feet 3 inches long is hinged at one end, it is pushed 
perpendicularly at a point 1 foot 3| inches from the free end by a force 
of 29 cwts. ; what pressure will the bar exert against a resistance at the 
free end?— Ans. 20*19 cwts. 
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LEOTUEB IL 

Pressnie of loaded beams on the supports— girders and roofs fonnd in 
same way — Load in centre and ont of centre— Parallelogram of 
forces — Definition and explanation — Ck)mposition and resolution of 
forces — Use in finding effect of load on inclined struts — Horizoutal 
thrust — Combination of parallelograms — Graphic delineation of 
strains — Leverage by diagrams — Case of similar triangles — Appli- 
cation to pressure of loaded g^der on supports — Polygon of forces 
— Beoipzocal diagram — Strain in a strut varies with the angle — 
Inclined struts — Value of trigonometry — Calculations may be made 
without it — ^Horizontal strut — Examples. 

Wb now oome to the application of some of the principles 
we learnt in the first lecture. We will commence with an 
ordinary girder, finding by leverage what pressure or load is 
caused upon the wall supporting it. The arrangement will 
be as shown in Fig. 9, forming virtually a lever of the second 
or third kind, although it has apparently two f ulcrums and no 
power ; but you must bear in mind that these are accidental 
terms only, and that whether we call any given load a power 
or a weight, it makes no difference in the result. 

First, let us assume the load to be exactly in the centre ; it 
would appear on inspection that the pressure upon each 
support would be } the load -{- ^ the weight of the girder, 
and this can be proved to be correct ; but if the weight be not 
exactly in the centre, the pressure will evidently be greater 
on the nearer support, and in order to find out how much 
greater, we must make use of our formula for leverage. Here 
let A be taken as the fulcrum, W as the active load or potoer, 
and B as the passive resistanoe or weight, x the distance of 
the load from the left-hand support, and I the total distance 
between the supports, called the span of the girder. Then 
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tte leverage of the power will be «, the leyerage of the 
resistance Z, and the pressure on B = — r- . For the pres- 
sure on A, we must assume B as the fulcrum, and A the resist- 
ance, then the leverage of W will be Z— a; (i. e. the length 
of I, less the length of x), and the formula will stand thus : 

-, A W X (Z-«) 
Pressure on A a= j ; 

but to each of these answers, wJierever the had may he, we 
must add half the weight of the girder, supposing it to be 
of uniform section, to get the total load on the supports. 
The proof that the pressure on the supports is equal when 
the load is in the centre is obtained thus : — When W is in 
the centre I — x = x, and we may therefore put x in place of 
Z — a; in the last formula, when it becomes identical with, and 
therefore equal to, the preceding formula. 

If you understand the work so far as we have gone, you 
have really learnt a great deal ; because all girders, roofs, and 
bridges tied together into one frame follow exactly the 
same rules. Thus, if this outline (Fig. 10) be taken as re- 
presenting one truss of a roof, say twenty feet span, and the 
weight of itself with the covering it supports, including 
allowance for wind and snow = 5 tons, then the pressure on 
each support will be 2 J tons. Or, if we take a rigid frame 
irregularly shaped or loaded, as in Fig. 11, or a lattice girder, 
Fig. 12, the proportion of the load on each support '(apart 
from weight of girder) will be determined by the formulae 
we have just taken. 

Now, leaving the question of leverage, we must take up 
another of the fundamental principles, called the parallelo- 
gram of forces, A parallelogram is simply a four-sided 
figure with its opposite sides parallel, Figs. 13 to 16. The 
principle of the parallelogram of forces is this: — If two 
adjacent sides of a parallelogram represent by their position 
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and length the direction and magnitade of two foroes, then 
a diagonal from the junction of these two lines will represent 
the direction and magnitade of a single force which would 
have the sam^ effect as the two others oomhined. 

The reverse of this is equally true : — If a force be repre- 
sented in magnitude and direction by the diagonal of a 
parallelogram, the two adjacent sides meeting at one end of 
that diagonal will represent the magnitade and direction of 
two forces giving a similar result. But the same diagonal 
would answer for any number of parallelograms, as in 
Fig. 17, and we can therefore take the most convenient one ; 
for instance, if we have a force acting in the direction A 6, 
Fig. 18, and we wish to substitute for this two other forces, 
one of which shall be in direction and magnitude equal to 
A C, then we join B, make A D parallel to B, and B D 
parallel to C A, then A D will be the second force required. 
Or we may have the force A B, Fig. 18, and have the dtVec- 
tions of the forces ACAD, but not their magnitude ; in that 
ease, by drawing lines parallel to A C, A D, through point 
B, we obtain their magnitudes. 

Now let us apply this knowledge to the case of two in- 
clined struts, thus (Fig. 19), A and C B, the load upon them 
being represented by W. Here we have a single force, the load, 
of given direction and magnitude, and we have the directions 
of two other forces, tr tiie lines in which they will act, and 
we want to find their magnitudes. If we mark off on W 
a point w, bo that G urequals the load to any given scale, and 
through w draw linea w a, w b, parallel to B 0, A 0, then 
the lengths a, 5, will give the respective magnitudes of 
the forces in A, (3^ B. 

It is clear that these will be pushing forces in the struts, 
or in other words, the struts will be in compression, and 
therefore some resistance must be provided to hold their 
lower ends. We have shown them resting <m a wall, and 
now we must ascertain what the effect i& Here we come to 
a repetition of the operation we hatid just performed. We 
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bave, taldng one side first, the one force acting in line with 
the stmt to be resolved into two, one acting downwards 
and giving, as we may say, the weight on the wall, and the 
other acting horizontally, or tending to cause the foot to 
slide along the wall, called the horizontal thmsf. Mark off 
from B, B d = hQ which is the measure of the inclined 
thrust in the rafter, then draw d e vertical, and d/horizontal, 
continue the surface of the wall through B to e and the side 
of the wall also through Btofy then B e will represent the 
horizontal thrust, and B/ the downward thrust or weight. 
The downward thrust is of course provided for by the wall, 
but the horizontal thrust must be counteracted by tying the 
foet of the struts together, or by bolting them down, unless* 
the bearing surface of the wall be cut away perpendicular to 
the strut, as in Fig. 20, in which case the thrust and weight 
would balance each other. Exactly the same description 
would apply throughout, if the struts were of different 
lengths, the operations being repeated on each side, and the 
strains being found to be smaller on the side with the flatter 
angle. Instead of having a separate parallelogram for the 
foot of the strut, we may combine it with the first one drawn, 
thus (Fig. 21), and I will take unequal struts this time. Q w 
being set off equal to the weight, w a drawn parallel to B C, 
and w h parallel to A C, then a C will be the compression in 
A C, a c the horizontal thrust at A, C c the downward thrust 
at A, C & the compression in OB, dh the horizontal thrust 
at B, and C d the downward thrust at B. 

By comparing this diagram with the preceding one, you 
will see that this is worked on the same principle, but is 
more compact. Instead of C 6 being repeated at the lower 
end of the strut, it remains at the upper end, and the thrust 
is resolved by drawing the horizontal and vertical lines troni 
h and C. 

In the case of leverage I took the algebraic method of 
calculation, and in the parallelogram of forces the geo- 
metrical method, but they can both be worked out either 
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waj. In any system by which forces or stresses are indi 
cated by the lengths of certain lines, the method is known as 
•* the graphic delineation of strains." If you accustom your- 
selyes to this mode of working, you will be astonished at the 
number of cases in which it will assist you, and the ease 
with which complicated questions may be worked out* 

It may be useful just to show you how questions of lever- 
age may be worked out with a ruler and pencil. In a lever 
of the first order we have the arrangement shown in Fig. 22. 
Over the fulcrum set up w equal in length to the known weight, 
upon any given scale ; join the end of this line with the 
power end of the lever, from the fulcrum draw a line parallel 
to the last, and produce a line over the weight to meet it, call 
this line p. Then, if w represent the weight to be balanced 
on this lever, p represents the power that will do it ; and vice 
versa, if we have a given power and want to find the weight 
it will balance, we set up p equal to the power and join it to 
the fulcrum, from power end of lever draw line parallel, then 
draw vertical line over fulcrum to meet the last, and it will 
equal W. This method depends upon the properties of 
similar triangles, or those of different sizes but similar 
shape. For a full explanation you juust refer to Euclid VI. 
2, but it is easy to see that it is simply a question of propor- 
tion in the triangles : 

X :y ::> w i p 
X ^ . or, y : tt ^:: p' : w. 

In levers of the second and third orders, the graphic con- 
structions will be alike, as seen in Figs. 23 and 24. 

Set up to over P, equal to the weight (Fig. 23), then line 
p drawn above the weight will equal the power required ; 
and set up p over W, equal to the power (Fig. 24), then line 
IT, drawn under the power P, will represent the weight that 
will be balanced. 

In representing the pressure of a girder upon its supports 
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Ibe principle is the same) altHongli the diagram looks rather 
different. We will take an example, see Fig. 25. Let A B 
represent the girder whose length is Z, and W the load, its 
position dividing the girder into two portions x and y. Take 
line A B as a base line, «ind at «ach end set up a line w equal 
to the load W. Then for the load upon bearing A, join point 
B with the top of line t» oV^r A, and through a point on the 
base line vertically under the W draw a parallel line ; the in- 
cluded space « on line fo over A, shown thick in the diagram, 
will tiien be the proportion of the load borne at A. By 
reversing the construction and drawing the parallel lines to 
the right, we get in the same way the portion h representing 
the load t&pon B ; 

then I I a :: w : h 

and I : y :: w : a. 

Before wq leave the geometrical system for a time I most 
call your attention to a remarkable property connected with 
the graphic representation of forces in equilibrium. By 
equilibrium, we mean, in plain English, that whatever strain 
may be on the different parts, there is no tendency to move 
unless something gives way. The property is this : if the 
forces be represented by lines of similar direction and pro- 
portional magnitude, they will form, if put together as a 
continuous outline, a closed figure of as many sides as there 
are forces : thus, if Fig. 26 represent three forces in equi- 
librium, the lines put together will make Fig. 27, called a 
triangle of forces ; or if there are more than three forces, as in 
Fig. 28, the lines put together will make Fig. 29, called a 
polygon of forces. If the lines be drawn at the proper angle 
and of the right length, but do not form a closed figure, then 
we know for a certainty that the forces are not in equilibrium, 
and that we have over estimated— or under estimated— one or 
more of them, and hence this mode of re-arranging the lines 
forms a valuable check upon accuracy of the work. The 

C 
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converse of the polygon of forces is equally true, tiz. : If 
the Bides of any closed figure be taken to represent the 
directions of the same number of forces, taken in order, and 
meeting in a point, then the lengths of the sides will repre- 
sent the magnitudes of the forces. This is an exceedingly 
useful property, and we shall find that it enables us, by means 
of what is called a '^Eedprocal diagram," to ascertain easily 
the strains upon a complicated framework. 

We have seen how to find the strains on inclined struts 
geometrically ; it is also desirable to know how to find the 
same by calculation. It is evident that if the strut were 
vertical, the strain would be exactly equal to the load ; while 
if it were horizontal, there would be no strain at all (the end 
not being fixed), the difference between these two extremes 
depending upon the angle of the strut. If, however, we make 
our calculations from the angle itself, we shall have to use 
trigonometry, which means three-angle measurement ; but we 
can avoid this by calculating from the parts which form the 
angle, viz., the height and the span. 

Let G D, Fig. 30, represent the proportion of weight 
borne by the strut C B, then the length B will represent 
the compressive strain in B. The calculation is very 
simple. Let us mark the perpendicular height C D = p, the 
inclined length B or hypothenuse of triangle B D = H, 
and the horizontal distance B D or base of triangle = B, 
w = proportion of load borne by strut G B as found by 
leverage, t = horizontal thrust at foot, d = downward thrust, 
and 8 = inclined thrust or strain in the strut or rafter ; then, 

P : « : : H : «, or « = -p- 

^ ^ yj B 

P : to : : B : «, or I = -p- 

aP 
H IS :: P : d, or d = -rr • 

ri I 
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Those simple formulsB being due to the fact that the length 
of the sides represents proportionally the strain in each. 

If ont of three dimensions — ^base, perpendicular, and hy- 
pothenuse — you have only two given in figures, you can 
measure the third off to scale, which is quite near enough for 
ordinary purposes ; but if you should wish to have mathe- 
matical accuracy, the following will be the formulaa: — 



B = V H^ - P^ P = VTF^^", H = V B^+P* 

depending upon Euclid I. 47. 

Now suppose one of the struts to be inclined and one 

horizontal, as in Fig. 31, the horizontal strut will have no 

direct strain from the load, but it will have a great strain due 

to supporting the end of the inclined strut. A parallelogram 

with C w = full load, according to any given scale, will 

give us at once Ga = strain in C A, and C h strain in G B. 

B W 
By calculation the straiu in A = —g- ' and that in 

In all these illustrations we have omitted the weight of 
the parts, because it would unnecessarily complicate the 
questions until we have taken up distributed loads, which we 
shall do in the next lecture. 

QUESTIONS FOB HOME-WORK. 

1. A girder 24 feet long, with a span of 20 feet, has a load of 9 tons 
3 feet away from the centre ; what will be the pressure on the nearest 
support, omitting the weight of the girder ? — Ans. 5 • 85 tons. 

2. A lattice girder weighing 1 ton carries a uniformly distributed 
load of 13 tons oVer a span of 11 feet ; what proportion of the total load 
will be borne by each of the supports ? — ^Ans. One half on each = 
7 tons. 

3. An inclined rafter 8 feet long rests against another 15 feet long, 
and the lower ends are supported on a level surface; show the amount 

C 2 
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and direction of the yarions strains set up when a load of 9 tons 10 
carried at the apex, and the feet are 18 feet apart ? — ^Ans. See Fig. 82. 

4. A cast-iron girder 17 feet 3 inches span has a load of 7f tons 
resting at a point 5 feet 9 inches from support A ; what will be the 
load on support B? — ^Ans. 2*58 tons* 

5. The upper end of a rafter inclined at an angle of 45^ rests against 
a horizontal stmt; what weight must be hung at the junction to 
balance an upward force of 2 tons acting along the inclined rafter ? — 
Ans. ^2 = 1-414 tons. 

6. In the last question, if the rafter were placed at a steeper angle 
with the same load, would the strain in it be greater or less ?— Ans. 
Less. 

7. Two forces of 10 and 15 tons respectively act upon a point at 
right angles to each other ; if the direction of the smaller force should 
be altered to 120^ from the greater, what must be their magnitude to 
produce the same resultant as before?— Ai)& 11*55 and 20*77 tons. 
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Distributed load carried on horizontal beam— When inclined, strain 
varies with angle of bearing surface on support— Lean-to roof— 
Strain in pair of inclined rafters— Span roof— Tie rod — King bolt 
— ^Trussed beam — Strains in same— Strength of girder according 
to method of fixing and position of load— Cantilevers — Ordinary 
girders— Continuous girders— Typical form of cross-section of girder 
— Action of load on a cantilever — Distribution of the strainii — 
Investigation of leverage — Construction of formula — ^Diagram of 
strains ; tension, compression, and shearing — Strain at intermediate 
points found by ordinates— Examples. 

We have, so fsx, considered the effect of concentrated loads 
only ; if we had assumed the loads to be spread over the 
snrfjEice, or distributed, it wonld have modified some of the 
results. These cases require careful attention, because they 
nearly always involve more difficulty than concentrated 
loads. Let us take an easy one first — an ordinary girder or 
horizontal beam, as in Fig. 33. As it stands, each support 
would bear half the full load, but if the beam were inclined 
what would be the result ? It will vary according to the 
nature of the bearing at the higher end. A, Fig. 34 ; suppose 
we can secure a horizontal bearing, as in Fig. 35, then the 
load will be supported half at A and half at B, each half 
resting on the support, and acting as downward thrust or 
weight, without putting any compression on the rafter, or 
thrust at the foot. There will of course be a cross strain, 
tending to break the rafter by bending, but that is a matter 
for separate consideration. If the higher support were 
placed vertical instead of horizontal, as in Fig. 36, then 
point A would get no direct support, and there would 
t^ tiiB «ame pressure against the wall as if it wero 
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a horizontal strut. Taking for weight the half of the 
lead that onght to be supported at A, the effect of this half 
is transmitted down the rafter to B, where it is resolved into 
a downward thrust and a horizontal thrust, as in Figs. 30 
and 31. It will be found that this downward thrust is just 
equal to half the total load, while the other half is resting 
direct upon B; therefore B gets the whole load upon it, 
besides the portion found as horizontal thrust, which will 
just equal the thrust found upon the vertical wall. This is 
the condition of things in the simplest form of roof, yiz. a 
lean-to, and an intelligent carpenter will always give a hori- 
zontal bearing like Fig. 35, to prevent any outward thrust, 
although it is not at all unusual to find it omitted. If instead 
of the vertical wall we add another rafter, inclined the 
opposite way, we shall have the conditions of a common 
span roof or pent roof, as in Fig. 37. Here we have each 
rafter supporting ^ the load, say ^ resting at the lower endF, 
and ^ at the upper ends, the | at the upper ends reacting 
against each other, causing compressive strains in the rafters, 
which will be resolved at A and B into thrust and weight as 
before. The ^ at each lower end is simply dead weight on 
the supports; and it is most important to observe that, 
omitting the cross strain, no effect whatever is produced by 
it upon the rafters. The thrust from a roof of this kind 
frequently causes the supports to be pushed oyer, and hence 
it is only used for small sheds and greenhouses. The thrust 
may be met by tying the ends of the rafters together, as in 
Fig. 38. This tie rod will be in tension because the ends 
tend to be forced asunder. The amount of strain will equal 
the thrust found an either Me^ not the two thrusts added to- 
gether, because they are acting in opposite directions. An 
illustration would be, two men pulling at a rope in opposite 
directions ; although two men would be pulling, there would 
only be what might be called a one-man strain in the rope» 
because the other man might be replaced by a dead post 
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In tUs sketcli we have the simplest form of roof trass, but 
there is a practical defect in it, apart from decreasing the 
head-room for walking nndemeath. Yoa know that it is 
impossible to pull a chain or string to a perfectly straight 
line : it bends down in the middle, however hard it may be 
pulled ; this bending is called sagging, and to prevent the 
sagging of the tie rod in the example before you a king bolt 
is often put in, as in Fig. 39, to hold it up in the middle. 
In calculating the strains on this as a roof truss, you will 
find no strain on the king bolt due to the load on the roof ; 
aU it has to do is to bear a portion of the weight of the tie 
rod ; we are, however, for the present, omitting all strains 
due to the weight of the parts, aud also the effect of cross 
strains. 

If we reverse the last example, as in Fig. 40, we have the 
simplest form of a trussed girder or bridge; it will be 
familiar to you as the method of strengthening a beam of 
timber for carrying loads. In this arrangement all the 
strains are reversed : we have C D now acting as a strut in 
compression, and AD, D B, as ties in tension, A B being in 
compression. Suppose we had a load distributed over the 
beam, there would be one half on A G, and the other half on 
C B. The half on A C would be resting half of it on A, and 
half on C ; while that on C B would be resting half on C, 
and half on B ; so that we should have I the full load on A, 
} on C, and ^ on B. The portions at A and B would rest 
direct upon the support, without causing any strain to pass 
through the framing, but the f on would be transmitted 
through C D, and thence through D A, D B, to A and B ; 
because, whatever the arrangement of trussing, the final 
result comes to the abutments or supports. CD being 
exactly in the direction of the load on C, that load, viz. i 
the total load, will be the measure of the strain on CD 
without requiring any calculation. By drawing the paral- 
lelogram shown in Fig. 41, the load e D will be resolved into 
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two foroes, Da, D &, giving the tensional Btrains in D ^, 
D B. Then by joining a & we resolve the force a D into a o, 
oD, and &D into ho, oD, the horizontal lines ao or oh 
giving the compression in A C B ; and the vertical line o Dy 
the weight on A and B, in addition to the portion of the 
load which we found resting there direct. 

We might continue' to take other forms of trussing, more 
and more complex, and work them out in the same way, but 
before we proceed further in this direction it will be neces- 
sary for us to learn something of the effect of cross strains, 
such as occur in girders. 

The effect of the load upon a girder^ or any piece of a 
structure subject to cross strain^ varies considerably, apcord- 
ing to the manner in which the girder is supported and the 
nature of the load. I might give you a tabulated statement 
of this, but it will be better to work it out and show you the 
reason of these differences. 

First take a girder having one end built into a wall, or other- 
wise firmly fixed, as in Fig. 42, and called in this position a 
cantilever; or the projecting end of a girder beyond a 
column would be a similar case. Suppose this girder to be 
12 feet long, and just strong enough to bear a load of 1 ton 
on the end ; then if the load be distributed, as in Fig. 43, it 
will bear 2 tons, because one half will be carried direct by 
the support, and the other half or 1 ton will be carried 
by the end of the cantilever as before. Or we may look at 
it another way, and say that if the load were collected at the 
centre of gravity it would have a leverage of only half tho 
amount, the moment of 2 tons at 6 feet being equal to the 
moment of 1 ton at 12 feet, and therefore of corresponding 
effect as regards the maximum atxain occasioned in tho 
girder, although we shall find further on that the detailed 
effect differs. 

Now, if we can support the ends of the girder, leaving the 
same dear span as before^ and put a concentrated load ia 
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the middle (Fig. 44) it will bear 4 tons, because we may say 
2 tons is on the middle end of each half of the girder, and 
as the half girder is only half the span or leverage of the 
previous example, the cantilever, it will bear doable the load 
with the same strain. If the load be spread over the girder as 
in Fig. 45, it will carry 8 tons ; we may say 4 tons is on each 
half of the girder — 2 tons on the supports direct, and 2 tons 
on each side at the centre — equivalent to the previous 4 tons 
in the centre. If both ends of the girder be built into a wall for 
some distance, or otherwise firmly secured at the ends, as in 
Fig. 46, we may put 8 tons in the centre. We may look upon 
this as two cantilevers, each of one-fourth the span of our former, 
one, and supporting at their ends a girder of half the span, as 
in Fig, 47. The cantilevers being one-fourth the span will each 
carry 4 times the load (1x4 = 4, 4x2 = 8 tons). But 
suppose the load to be distributed, this girder will presum- 
ably carry 16 tons, because half will be carried by the walls 
direct, the other half straining the girder as before. Professor 
Unwin says that a girder under these conditions would only 
carry 12 tons ; Dr. Anderson says it is a doubtful case, and 
that different authorities give from 12 to 16 tons : so that we 
may look upon 12 tons as the minimum to allow, and 16 as 
the maximum. Taking the latter figure, and reviewing our 
illustrations, we find that similar girders will carry sixteen 
times as much under one set of conditions, as they will under 
another set. This is a particularly instructive set of examples, 
because it will show you that the dimensions and weight of 
ironwork are not altogether dependent upon stresses, but that 
there is in any structure plenty of scope for good designing. 
You will find the girder with fixed ends commonly occurring 
as part of a continuous girder : that is, one continued over 
several supports, as in the railway bridges over the Thames. 
The typical form of a girder, taking a cross section, is 
shown in Fig. 48, consisting, as you see, of a top and bottom 
flange kept apart by a web, and prevented from twisting by 
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means of angle irons in the case of wrought-iron girders, and 
by casting in one piece in the case of cast-iron girders. The 
flanges and the web are the main parts ; angle irons, stiffeners, 
cover plates, rivets, &c., being mere details of construction. 

We have considered the loading of different girders from 
what we may call a common-sense point of view, which we 
shall find very useful presently, but we must look a little 
closer into the effect of these loads ; the simplest case will be 
that of our first example, the cantilever, loaded at the end, 
Fig. 49. 

It is clear that the load will tend to cause the girder to 
bend down, as in Fig. 50, and it is also clear that this bend- 
ing strain is made up of a stretching or tension in the top 
flange, and a crushing or compression in the bottom flange. 
The web is not considered to render any assistance in resist- 
ing these strains, its sole duty being to keep the flanges 
apart, but there is a strain in it due to the direct action of 
the load which will claim our consideration. We may look 
upon the bending strain as simply a question of leverage, 
and there are three ways of considering it, all coming to one 
result. Figs. 51, 52, and 53. 

The load multiplied by the length of the cantilever = the 
moment of the power in each case. Then for the moment of 
the weight we have in the first case the resistance in the top 
flange x i the depth, + the resistance in the bottom flange 
X i the depth. In the second case, the moment of the 
weight will be the resistance in top flange x whole depth, 
and in the third case resistance in bottom flange x whole 
depth. Putting letters for words, we have these equations: 

I. W Xl = {txid) + {cxid) 
n. W X Z = txd 
m. W X i = exdi 
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or putting the same statements as formnlo : 

w X I 



id 

W X I 




I. l + c = 
n. t 
in. e 



BO that, whicheyer way we consider it, the strain is eqnal in 

each flange, 'to take an example, say — load 4 tons, length 

4x8 
8 feet, depth 2 feet, strain in either flange = — ^ — = 16 tons. 

This is of conrse the strain next to the wall, where the fall 
length of the cantilever comes into action. If we want the 
strain at any immediate point a;. Fig. 54, we take the 
horizontal distance W a; as leverage of the power, and by 
working out a few points we shall find that the strain along 
the girder is exactly proportional to the distance from the 
load, and that immediately under the load, as there is no 
leverage, so there would be no strain. 

This can be shown gecHnetneaily in a beautifally simple 
manner. If we set up A a to any given scale, making it 
equal to the maximum strain as found by the calculation, 
and then join a with the point under W, the vertical height or 
<»rdinate from the base, at any point x, will give the amount of 
strain in the flanges of the girder at that point, being tension 
in the top flange, and compression in the bottom flange. 
The whole thing may be done geometrically if required, 
thus. Fig. 55: put the girder down to scale, join the top 
of the girder h at one extremity with the bottom c at the 
other extremity, produce the line of underside of girder A c 
indefinitely, set up A d = W, draw d e parallel to 6 c, from 
point A with radius A e describe an arc, and continue A d to 
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meet it in/, then A/ will equal the result fonnd by the pre- 
Tious calcnlation, yiz. the maximum strain on the girder. 
The advantage of the geometrical method is that it can be 
used just as readily if the question be full of fractions, but 
the result is of course only approximate, depending upon the 
neatness in working. If you are careful to use a good scale, 
and a hard pencil with a fine point, the result will be near 
enough for all practical purposes. 

I mentioned that there was also a strain due to the direct 
action of the load ; this is a shearing strain, and is assumed 
to be borne entirely by the web. It is a difficult mathe- 
matical investigation to prove what part the flanges and web 
respectively take in resisting the various strains, but it is 
found to be practically correct to assume that the tension and 
compression are taken by the flanges, and the shearing by the 
web. The tendency of a shearing strain is to cause one 
section of the girder to slide on another, as if cut or sheared, 
as shown in Fig. 56. 

In the case of a cantilever loaded at the end, the shearing 
strain is uniform throughout, except for the slight alteration 
made by the weight of the girder itself, and is equal to the 
load. If the load be 20 tons, the shearing strain will be 
20 tons, or allowing 4 tons per square inch, the sectional 
area of the web must be 5 square inches, and uniform 
throughout its length. The shearing strain would be indi« 
cated geometrically, as in Fig. 67. Drop line A 6 = W, 
draw W c vertically, and h c horizontally, then ordinates from 
base line of girder to he give the strain at any point. AH 
the ordinates being equal, the strain is seen to be uniform. 

QUESTIONS FOB HOME-WORK. 

1. A rafter 11 feet long, with one end 5 feet 8 inches higher than 
the other, has a dlHtributed load of 2f tons ; what will be the horizontal 
thrust at each end, and what the load upon the wall at the foot P-^Ant. 
Thrust 2*28 tons, load 2*75 tons 
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2. A tnissed beam 24 feet span has a oonoentrated load upon it of 
10 tons, 8 feet from one end, the strut is directly under the load, and 
12 feet long ; what will be the amount and nature of the strain in each 
portion ? — Ans. See Fig. 58. 

3. A tall man and a short man haye a load slung on a pole midway 
between them; which will bear the greater proportion of the load, 
and why ?— Ans. The bearings will be in line with pole (see Fig. 59), 

W B 

the load on each man will be -r-^ = } a. There will also be a sliding 

W P 

tendency to be stopped by friction, amounting to -r-r^ = } 6 on each 

2 H 
man. But there will be a tendency for the load to work downwards 
towards the short man, who will then haye to bear the greater pro- 
portion. 

4. If a cantilever carry a load of Tf tons safely at its extremity, how 
much would it csmry evenly distributed ? — Ans. 15} tons. 

5. If a girder supported at both ends just break with a distributed 
load of 27 tons, what load placed in the middle would cause its frao- 
tnie?— Ana. 13} tons. 

6. Sketch a typical form of girder in section, and name the strains 
in each part when fixed as a cantilever and loaded in the middle. 

Ans. Top flange, tension . 

Web, shearing .. . 

iJottom flange^ oompresaioiii • 



± 
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LBOTUEB 17. 

Effect of difltribQted loAd— Strain varies as the ordinates to a parabola 
— Setting ont parabola— Method when particular points only are 
required — General calculation of strains in a girder divided into 
three stages : pressure on supports, strain in flanges, strain in web 
— Girder with concentrated load in any position — Maximum strain 
immediately under load — Variation of strain between extremities — 
Investigation by diagrams and formulae — Also by leverage — Com- 
bination of diagrams from two or more loads — Special diagrams for 
rapid use — Girder with distributed load, method of finding strains 
— ^Proportioning material to resist the strains — ^Examples. 

If a cantilever be loaded with two or more weights, we can 
find the collective result by taking each result separately, in 
the manner shown in the last lecture, and then adding them 
together. The extreme case will be when the cantilever is 
loaded uniformly throughout its length. We shall find the 
maximum strain only one-half of what it is with an equal 
load concentrated at the outer end ; the effect is the same as 
if the whole of the load were collected at its centre of 
gravity, which would be half way along the cantilever, and 
have therefore only half the leverage, as in Fig. 60. The 
intermediate effects will, however, not be similar. If we 
calculate the result of each of these small weights at its 
respective leverage, we shall find that we do not obtain a 
uniform difference of strain along the girder as before. 
Putting down the heights found for the strain at the 
various points, we shall find that they form a curve instead 
of a straight line. This curve will be one-half of what is 
called a parabola, with the vertex at end of cantilever, and, 
as it is quite indispensable to be able to construct one of the 
right shape and any given size, I will tell you how to do 
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it. Let A, B, Fig. 61, be the length, and AG the height ; 
divide A B into any number of equal parts, and A C into y 
the same number. Set np B D equal and parallel to A C, 
join CD, and from each point on AB draw a vertical 
line parallel with AO. Then join B with each of the 
points on AC, and through the intersection of the lines 
from similar points on A C, A B, draw the curve C B. Then, 
ordinates or vertical measurements from any point on A B to 
the parabolic curve will give the strain at that point. 

But suppose we only want to know the strain at one or 
two particular points, we need not draw the whole curve, 
thus : required the strain at A, a;, and y. Fig. 62. We will 
divide this into two diagrams to show the separate stages more 
clearly, although in practice you would work right through on 
the one figure. First, for the strain at A, this will be equal 
to the height of the parabola and may be found geometrically. 
Take A B as the base line. Fig. 63, and g as the point under 
the centre of gravity of the load, then A g will be the leverage / 
of the load. Let A c = depth of girder, join c ^, set up A d = / 
load to any given scale, and from d draw d, e parallel to c ^, 
then from point A with radius A e describe an arc cutting A d 
produced in point/. Then A/ will be the strain in the 
flanges at point A. I^ow for the strains at x and y, see 
Fig. 64 : set up A/ from the last figure, and B h equal and 
parallel to it, join / A, and draw vertical lines from x and y 
to meet f hin points m and n. Join A h and draw m Oynp, 
parallel to A A ; join o B, j> B, then where o B cuts m x call 
the point q, and where p B cuts n y call the point r. Then 
X q will be the measure of the strain in the flanges at x, and 
y r the strain at y. 

With a cantilever loaded in this manner, the shearing strain, 
instead of being uniformly equal, is uniformly reduced, being 
equal to the total weight at the support end, and tapering off 
to nothing at the outer end, as in Fig. 65, the vertical height 
at any point being the measure of the shearing strain at that 
point. You will observe that shearing strains are usually 
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Bhown below the girder, while flange strains are shownflboTd 
it, nsing the bottom of the girder as a base line. J 

Our investigation of the strains in a cantilever will help 
us to understand more readily those in an ordinary girder 
supported at each end* First, with a concentrated load, 
Fig. 66 ; we may divide the calculations into three stages, 
viz. : the pressure on the supports, the strain in the flanges^ 
and the strain in the web. We have seen already how to find 
the pressure on the supports, but I will show you a slight 
modification of the same principle, which will also be useful 
as leading up to the discovery of the strains in the flanges. 

Let A B, Fig. 67, be the girder with span Z, and W the 
position of the load, dividing the span into the portions x 
and y ; take a large scale, as there are several lines to put on* 
Set up B c = the load on the given scale, join A c, then the 
vertical height between the bottom of the girder under the 
the load, and this line, viz* e (2, will be the proportion of the 
load borne by support at B. Draw cf parallel to girder, 
and produce e d to /, then df will be the load on support A, 
the whole load ef being divided between the supports A and 
B in the proportions e d, df. 

Now e d being the load on B, we may look upon the resist* 
ance, which is of course equal to the pressure, as an active 
reaction or power, with the leverage y, and we get the following 
proportion : — As depth of girder : leverage : : reaction at sup- 
port : strain in flange. I will give you a little sketch, as 
soon as we have done with the present one, which will put 
this proportion in a very clear light. 

To resume our construction, let e ^ be the depth of the 
girder, then join g B and from d draw d h parallel to ^ B ; then 
eh will equal the strain because 

eg : eB :: ed : eft. 

From 6 as a centre, with radius e h describe the quadrant Ji t, 
join i A, t B ; then the strain in the flange, at any point, will 
be obtained by ordinates from A B to A t B. 



^ 
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If we liad taken support A as our starting point, we slioald 
liave worked in a similar manner, and have arrived at precisely 
the same result ; so that it does not matter at all which side 
we take for the flange strains, but it does matter as regards 
the shearing strain, as I shall now proceed to show you. In 
the case of a concentrated load the shearing strain is uniform 
throughout, when the load is central ; but when the load is 
out of the centre, the shearing strain is measured on each 
side by the proportion of the weight which is carried by the 
Bnppoit. To indicate this graphically we must make some 
additions to our sketch. Drop A/ = W, join j B intersecting 
t e produced in h^ draw km vertical andjfm horizontal, then 
6 k will be the shearing strain on side A, and k m the shear- 
ing strain on side B ; but we must show it on the sketch a 
little more clearly. Draw m n parallel to/ B, draw horizontal 
lines n o and ibjp, then the shearing strain at any point will 
be given by ordinates to the outline Kpkon^ 

Now for the sketch that is to explain in a very simple 
way the strength of a girder by leverage (Fig. 68). Here 
we have two levers joined at right angles to each other at 
the fulcrum, and shown by thick lines ; viz., the length from 
load to support, and the depth. Then we have the load 
which gives us the position of the fulcrum, the reaction at 
B which is influenced by the amount and position of the 
load, and S the resistance in either flange under the load, say 
the compressive stress in the top flange. From these par* 
ticulars we obtain the following proportions : 

I : « : : W : B 
J <l : y : : B : S. 

"^ TK St n 

Putting the latter into an equation, we have 8= — ^— ^ 

W X X 
but B is made up of — | as shown by the former propor- 
tion, and as W^ found in considering leyerages; we may 
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W V tts 
therefore rub ont the B, and replace it by — i — *™5 

Wxa? y^ 

and the same thing in a simpler form will be 
W X «B X y 



8 = 



Ix^ 



but in a formnla of this kind it is unnecessary to pnt the 
sign of multiplication; if the letters are simply written 
against each other, thus, 

it is understood that those above the line are multiplied 
together, and those below the line are multiplied together, 
the line indicating that the upper group is divided by the 
lower group. 

Algebraically, the shearing strain on either side of the load 
is found in the same way as the pressure on the supports, viz. : 

Side B = -^ , side A = -j^. 

If there are two or more concentrated loads, the strains 
due to each must be worked out separately and added 
together. If they are worked out geometrically, a separate 
diagram is made, upon the same foundation, for each load, 
and the two diagrams are combined to form a final diagram. 
In adopting this method care must be taken that any portion 
of the second series of strains overlapping the first is added 
on to the outside, as in Fig. 69. Take A B as a girder 
supported at the ends, c d as the position of two loads, and 
A e B, A/B, the strains in the flauges produced by the re- 
spective loads. The two diagrams overlap at the shaded 
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part A()fI^tB. Add etjr above = 0/, <It above/ = /&, then 
join AjkB which will represent the combined diagram from 
the two loada. 

In finding the strain from a distrtbuied load by leverage, 
yon most bear in mind that the reaction to be taken at the 
support is only half the load on the support, as previously 
explained, or one-fourth of the total load, the other one- 
fourth upon the support resting there direct, without affecting 
the maTimum strain on the girder (see Fig. 70). If this 
point be remembered, the leverage mode is by &r the better 
way to work out an examination question, because you can 
reason it all through without being dependent upon your 
recollection of formuhe. 

The form of diagram which I have selected in each case 
has been that in which you can trace the reason for the 
different lines, in order to assist you to think out the combi- 
nations in other examples. There are some simpler forms 
very readily applied, and depending upon the principles you 
have already learnt ; but not so self-evident Here is one 
(Fig. 71), giving all the strains in a girder carrying a single 
concentrated load. From A drop a vertical line A c = the 
weight, on any given scale ; join B c, drop a vertical line 
from W cutting Be in dy from d draw d ef horizontally, 
cutting A c in 6, join W A and produce the line to meet d ef 
in point /. As a check upon the working, fe ought to be 
found parallel with W B. Then A e will be the load on A, 
e c the load on B, A e will also be the shearing strain between 
A and W, ee that between B and W, and ef will be the 
maxiTnum strain in the flanges under the load, giving tension 
in bottom flange and compression in top. 

If there were a second load, the strains from it might be 
worked out at the other end of the girder, and the two sets 
combined on the top. 

There is an alternative method of working this diagram 
which I will give you with the same lettering (Fig. 72). I 

D 2 
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have departed from the nsnal method of taking a central 
load for consideration first, and then assuming it out of the 
centre, because it is apt to mislead and cause you to think 
that dififerent methods must be adopted according to the 
position of the load, whereas one method answers all 
purposes. 

In all these diagrams you will observe that, although the 
girders are supposed to be drawn to scale, I terminate them 
at the edges of the supports, because, theoretically, that m* 
eludes the whole of the portion under strain. 

There is sometimes shown an extension of the last diagram, 
by which the strain is found at any point, as well as the 
maximum strain; see Fig. 73. On a girder ABCD, with 
load at W, set up A 6 = load on A, and B/ = load on B, 
produce A W to meet a horizontal line from e in point g, 
and B W to meet line from / in point A. Then, to find 
the strain at any point in the top flange between C 
and W, draw line from A through the point to meet 
line € g, and the distance from e along the line e g will be 
the strain. Also for the strain between W and D, draw 
line from B through the point required to meet /A, and the 
distance from / will be the measure of the strain. The 
maximum strain will be either e ^ or /A, which will be equal 
to each other. The strains in the bottom flange will of 
course be equal to those in the top flange, at the same hori- 
zontal distances from the abutments. This is a neat 
diagram, but on the whole is not so useful for practice as one 
giving the maximum strain, which is then placed over the 
/^' *^^ ^^^®® drawn to the supports, as in the large one 
(■F'lg. 67), given this evening. The reason will be seen 
^hen we look at the mode practised by draughtsmen for 
nndmg the proper lengths of the plates in a girder. 

Suppose the girder to have a concentrated load, and the 

^^^^^ strain requires that four |-inch plates shall make 

P the thickness just under the load; we set off the four 
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l-inch^laies fall size at the point of maximnm strain in the 
flanges A B, and join the highest point with the extremities. 
Then we draw the plates so far that they overlap the 
^ strain-line *' just far enongh to allow of the rivets securing 
the ends, as in Fig. Ti. 

The due proportion of the amount of material in the 
different parts of a girder belongs to '' practical designing,^ 
such as you will find exemplified in a series of handbooks to 
be published shortly.* At present we must confine ourselves 
to finding the strains, and there are a few other cases of 
transverse strain which we must consider before we return 
(o framed structures. We shall complete this portion of our 
subject in the next lecture. 



QUESTIONS FOR HOME-WORK. 

I. A cantilever of wrought iron is loaded with a weight of 3 tons at 
the end, and 4 tons spread aniformly along it; the length is 7 feet and 
ihe depth 1 foot ; show how all the strains are obtained, and state 
their amonnt at a point 3 feet from the support. — ^Ans. (Diagram not 
drawn): 

From end load, tension and compression •« .. 12-00 
„ distrib. H » «. h .- .. 4'57 



Total .s .. 16-57 

From end load, shearing •« •• •« •« •« 3*00 
„ distrib. „ „ •• •• •• •• «. 2*28 

Total .. .. 5-28 

2. Work ont geometrically all the strains in a girder 20 feet span^ 
' 1 foot 8 inches deep, with a concentrated load of 5 tons 5 feet from one 



♦ * Designing Wrought and Oast-iron Structures,* by Henry Adams. 
Esrt L, Wroufhl and Castoixon Gixders^ now read/. 
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ead, and prove the result algebraically, exclading the weight of th« 
girder Itself ? — Ajub, (Diagram not drawn): 

Flanges, under load = 11*25 tons. 

Load on A •• = 3*75 ^ 

Shearing, W A = 8*75 ^ 

LoadonB = 1*25 „ 

Shearmg, WB = 1-25 „ 

8. A girder, 20 feet span, 20 inches deep, has a load of 3 tons at 
5 feet from one end, and 2 tons at 5 feet from the other end ; what i» 
the nature and amount of the strain in the top flange at the centre of 
the span, excluding weight of girder? — Ans. 7*5 tons, compression. 

4. In the last case, what additional strain would be caused if 
the weight of the girder (80 owt) were taken into aeoouat^-^Ans^ 
2-25 tons. 
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LECTURE V. 

Girder witii distributed load, other forms of diagram— Oonstmotion of 
ordinary formulfB — Girders with intermediate supports — Gontinnoas 
girders — Proportion of spans — ^Action of load — Points of contrary 
' flexore — ^Diagram of strains — FormnlsB — Humberts Handy Book, 
recommended for general reference — Moving loads— Moving loads 
Ofn oast-iron girders — Factor of safety — Formula for «aet-iron bridge 
girders — Strength of beams, L ^nd X irons — Transverse strains on 
cafters — Struts, stanchions, and columns — Joints and &stemng8 — 
Bivets, pins, and bolts — Single or double shear — ^Elzamples. 

This evening we haye to finish the cases of transverse strain. 
We will commence with a girder under a uniformly dis- 
tributed load, an exceedingly common case, and I will show 
you how the formula in " Molesworth *' and elsewhere is 
made up. For the load on each support (see Fig. 75) we take 
one-half the total load : this you have seen before. For the 
strain in ike flanges, it is evident that the greatest strain 
would be in the centre at «. In finding the amount of the 
strain, we may say that half the load on « D is resting direct 
upon B, and the other half, or one-fourth the total load, is 
producing the strain, with the leverages D against the depth 
B D, as in Fig. 70, then 

BD: «D :: JWrstrain, 

but eD = i length, say ^ I; and D B = depth, say (2; there- 
fore, 

d : i i : : i W : strain, 



S= J—, 



•^ 
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or, mnltipljing by ^ and diyiding by 4, being tbe same 
thing, we may get rid of fractions, l^us : 



S:= 



4d 



and again, diyiding by 2 instead of multiplying by |> we get 

which is the ordinary formnla for the strain in the centre 
under a distributed IcNad. 

To find the strain at any other point m, Fig. 76, the 

formula will be S« = J^ , and if the load be given at per 

foot run = 10, we take the whole load as w i^ so that our 
f ormulsd become 

To obtain the strains geometrically, draw your girder to 
scale, say A B, Fig. 77, with depth e d, set up a centre line 
at c, and mark oS cw = one-fourth the total load, join d B^ 
and parallel to it draw « e. From « as a centre describe 
the quadrant ef, then c/will be the fiange strain in the 
centre. Next set up A ^, and draw/^ horizontally to meet 
it in ffj mark off A c into any number of equal parts, and A ^ 
into the same number, draw vertical lines from the points on 
A c, and cut them by lines drawn from / to the divisions on 
A g ; these points of intersection will give half a parabola 
with its vertex at /, and the height to the curve at any point 
will equal the strain. We need not draw the other half of 
the parabola, as the strains will be exactly similar on both 
sides of the centre line. For the shearing strain join B «t, 
and produce it to cut A ^ in A, join h c, then vertioal 
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measurements from Ac to he will give the shearing strain at 
any point. You will find that it is equal at the supports to 
half the load, and disappears at the centre. 

The rapid diagram shown in the last lecture for a con- 
centrated load will apply, with a slight modification, to the 
case of a distrihuted load. 

Let A B, Fig. 78, be the girder, with depth c A Drop 
Ae = iW(W = total load), join e B, drop c <l to /, join 
e A and produce the line, draw/^ horizontally, and produce 
to cut line through c A in point h ; join d e. Then g h will 
be the maximum strain in centre of flanges, A e the load on 
each support, and ordinates from Ad to ed will give the 
shearing strain in the web. 

There is an arrangement adopted in some bridges by which 
lighter girders can be used, and that is by putting in inter- 
mediate supports, or we may say the girder is continuous 
oyer so-many spans, and therefore generally called a con- 
tinuous girder. Suppose we have one continued over three 
spans, as in Fig. 79, the outer ones being preferably about 
f ths the length of the middle span. The tendency of the 
girder under a distributed load will be to bend, as in 
Fig. 80, the thick lines showing the parts in compression, 
the thin lines those in tension, and the effect will be the 
same as if there were three girders fixed firmly at their ends 
over the intermediate piers. 

The points in the fianges where the strain changes from 
OOTipression to tension, and vice versa, are called the points of 
contrary flexure, or in plain English, the points where the 
bending reverses. A graphic diagram of the strains obtained 
from formulao will show, easily and plearly, both their 
nature and amount. Taking w as the load per unit of length, 
and the girder as of uniform strength, set up E F in the 

centre of span a, Fig. 81, = ^, and construct a parabola 
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A F B. Then at B erect B G equal to ^. Join A G in- 
tersecting AFB in H. Then H will be vertically over the 
point of contrary flexure, A F H will give the compressive 
strain in top flange and H G B tensile strain in top flaoge, 
measuring vertically on the shaded part of the diagram. 

At centre of span B set up IJ = --j , and construct 

o d 

parabola B J C, set up B G and C K each = jr-^-^; but if this 

o 2 a 

▼alue be less than that formerly found for B G, then use the 

former value, if greater use the present and alter line A G 

accordingly. Then join G K, intersecting B J C in L M. 

B G L will give tensile strain in top flange, L J M compressive 

strain in top flange, and the remainder of the girder will be 

similarly strained to the parts already taken. The strains 

in bottom flange will be equal throughout to those in top 

flange, but of opposite character. 

There are of course very many varied conditions of load, 
construction, and support, in the girders that you meet with 
in practice ; it would take too long to investigate the whole 
of them here, but I think I have told you enough about this 
portion of the subject to enable you to work out for your- 
selves other cases, or at any rate to understand the working 
out from such a book as Humber's '* Handy book of Strains," 
a little volume which I look upon as indispensable to aU, 
having to do with girder work. There you will find much 
useful information, but it is so condensed that you would 
make nothing of it unless you had some previous general 
knowledge, such as I have now given you. 

From whateyer source you obtain your mode of working, 
be careful to see that you have the units of measurement 
correct, because sometimes to stands for the whole load, and 
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at other times for the load per foot run ; in some formnln $ 
stands for span in feet and in others for span in inches, and 
80 on. In all the cases we have taken, I have described the 
value of w, and for span we have assumed the same unit as 
for depth, both being either in feet or in inches. 

As regards the nature of the load, we have assumed dead, 
fixed, or slowly applied loads, but there are cases in which 
live, moying, or suddenly applied loads must be estimated for, 
and with these you will obtain different results. The actual 
strain caused by a moving load is very difficult to determine, 
and depends partly upon the amount of deflection caused in 
the structure. This again is subject to the quality of the 
workmanship, the nature of the material, and the mode of 
connecting the parts, in such a way that it can only be 
approximately determined beforehand. From various expe- 
riments and theoretical deductions certain allowances are 
made, which principally affect cast iron, as it is considered 
to be to a great extent a treacherous material, and therefore a 
greater margin for safety must be provided. The only 
allowance of the kind that I need call your attention to now, 
is in connection with cast-iron girders for bridges, my for- 
mula for which is as follows, assuming the ultimate tensile 
stress of cast iron to be 7^ tons per square inch : 

. j 5 times dist. dead load tons 

8. a. bott. flange = ^P"^ in ft. X "j ^_ gtimes dist. live load tons 

5 times depth in inches. 

From this you will see that the moving load is assumed to 
distress the material more than an equal dead load, in the 
proportion of 8 to 6. The Board of Trade allowance is, I 
think, rather less than this, but I consider the above a good 
safe formula and worth noting. 

It may be useful to give you a very handy little formula for 
the mental calculation of wrought and cast-iron girders per- 



44 STRAINS IN IBONWORE. 

fecily accurate under certain oonditionB, but approximately^ 
correct under any other conditions. 

Wrought iron dist. load, any span, any load, depth = ^ span 
8. a. top flange = • 3 W. 

Cast iron dist. load, any span, any load, depth s ^ span 
8. a. bottom flange = W. 

W being total load in tons, and the area in square inches. 

In a solid girder, such as a wooden beam or the test bar 
Used for judging the quality of cast iron, the transverse 
strains are not found in the same way as those in a flanged 
girder ; but as these calculations are not much required by 
the engineer, and we have previously investigated them in the 
eourse of lectures on " Timber,'* we need not go into it again 
now. 

Angle and tee irons are of course used very largely in 
positions in which they are subject to transverse strain ; the 
proportioning of the amount of material depends upon a 
calculation in which the centre of gravity of the section and 
the neutral axis have to be found. This belongs to designing, 
but there is something more to say under the head of Strains 
bearing upon this part of the subject. 

When you have an inclined rafter of angle or tee iron, say 
with a uniformly distributed load, there are two ways of 
obtaining the value of the cross strain. 

Let A B (Fig. 82) be the rafter, and C B the height of 
B above A, then the calculation may be made the same as for 
a girder under a distributed load, taking A C as the length 
or span instead of A B, and bearing in mind that the depth 
d in the formula will depend upon the form of the cross 
section. Or we may take it another way ; and say that j^ 
the load is carried direct upon each abutment, and ^ trans- 
mitted to each abutment through the rafter, these f acting 
in the centre and producing a cross strain, the amourU 



STRAIK8 IN IRONWORK. 45 

of whicli will vary according to the angle of the rafter, and 
the effed, according to the form of the cross section. Bafters 
are always made of imiform section, and we therefore want 
only the maximum strain, which will be in the centre. Take 
f ths or ^ the load as acting vertically on the centre with 
the span A ; or by parallelogram of forces, let d e = J W 
(Fig. 83), draw e f parallel to B A, and d f parallel to the 
direction in which the efifect is required, viz., perpendicular 
to B A, then / d will equal the cross strain in the centre 
upon the length A B and perpendicular to it. This will 
be a strain for which additional material must be provided 
beyond that required for resisting the compression trans- 
mitted by the rafter due to the arrangement of the trussing. 

When a rafter or strut is inclined, although it may have 
no external load except one acting in the same direction as 
itself and producing compression, it is still subject to a cross 
strain from its own weight taken as a distributed load. The 
ties of a structure are also subject to the same conditions, 
but being generally lighter, and tensile stress resisting 
rather than assisting the bending, the effect is not so 
important. 

Vertical struts, as stanchions and columns, are subject to 
a bending action owing to the practical conditions of manu- 
£Eicture, erection, and loading never being theoretically 
perfect. So far as the calculation of strains is concerned, 
all we can obtain is, the dead load producing compression ; 
but in designing columns we have to make allowance for 
this bending tendency, and, unless tables are referred to, it 
€an only be done by logarithms, which is a hard name for 
an easy subject. 

Joints and fastenings must always be at least equally 
strong with the parts they connect ; as a general rule they 
are formed of rivets, pins, or bolts, the strain upon them 
being a shearing strain, tending to cut them through either 
at one point ot at two points. This question of single or 
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doable shear mast be practically noted, because, oflien you 
may find that a certain set of rivets &c. can only fieul by 
being sheared through two places at the same time, and then 
yon may take half the shearing force to obtain the requisite 
sectional area. 

We have now taken all the simple cases, forming, as it 
were, the fotuidation upon which we can consider the com- 
plex cases. The Warren girder forms a yery suitable 
example upon which to try our skill, and we shall proceed 
with this in the next lecture. 

QUESTIONS FOB HOMB-WOBK. 

1. In a girder 20 feet span, 1 foot 8 inches deep, with a nniformly 
distributed load of 5 tons, including weight of girder, what will be 
the nature and amount of the yarious strains at a point 5 feet from the 
right-hand support ? — Ans : 

Compression, top flange 5*625 tons. 

Tension, bottom flange 5 '625 „ 

Shearing web 1*25 „ 

2. A plate girder bridge is continuous oyer three spans of 15, 20, 
and 15 feet respectivelj, its depth is 2 feet, and the load distributed 
1^ tons per foot run on each girder; show by diagram the straitis 
throughout. Scales I inch = 1 foot and 1 ton.— Ans. (See Fig. 84.) 
EF = 21A, BG = 28|, IJ = 37J. 

3. A rafter carries a distributed load of 2 tons, it is inclined at an 
angle of 30°, what will be the effect in transyerse strain on the rafter ? 
— ^Ans. '87 tons in centre. 

4. What size should the bottom flange of a cast-iron bridge girder 
be in the centre, when the span is 20 feet, the depth 2 feet, the dead 
load 5 cwt. per foot run, and the moving load 30 cwt. per foot run?^ 
Ans. 44*17 square inches: say, 18 inches x 2} inches = 45 square 
iuches. 
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Open web giiden— Warren, lattice, and trellis girders— Angle of 
inclination of bars — Proportion of depth to length — Warren girder 
nnder central concentrated load — Application of parallelogram of 
forces — ^All bars equally strained — Strain in flanges cnmalative 
towards the centre of span — Valne of strain at each part in terms 
of X — ^Vertical ends to girders. Low affected by position of last bar 
— Warren girder under distributed load — ^Apportioning the load on 
each span — Action of load from point of application to each support 
— Bars not equally strained — Strains worked out by parallelogram of 
forces, commencing at support— Strains on cranes — Ordinary mode 
of working incorrect— Application of load is diagonally through 
sheave pin— Angle of jib affects strains— Examples. 

We will now apply onr knowledge of the transmission of 
forces to ascertain the strains brought upon the several parts 
of a girder formed of open triangles, called a Warren girder, 
as in Fig. 85. When the bars cross each other, as in 
Fig. 86, it is called a lattice girder, and when several bars 
cross, as in Fig. 87, it is called a trellis girder. 

In a Warren girder the lattice bars are placed at an angle 
of 60^, making the triangles equal sided, and the bars there- 
fore eqnal in length to the width of a bay. The depth of the 
girder will always be a fixed proportion depending upon the 
nnmber of bays in the span, and being '866 or nearly -^ths 
the width of a bay, this being the proportion the per- 
pendicular height of an equilateral triangle bears to its base. 

You will find it handy to note down this sketch of an 
equilateral triangle (Fig. 88), and the following equations: 

ah = l,thencd = ^^76 = -866, and ad = -S. 
a5 = 2, „ c<£= V~3"= 1-732, „ ad^V. 
ed = 1, n «« = 1*155, and ad - •677. 
td = -5, „ ac = -577, „ ad = -288. 
V2 = 1-414 V3"= 1-732. 
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Also the sketcli of a right-angled triangle with two eqtial 
acute angles, the longest side or hypothenuse forming an 
angle of 45^ with the other two sides (Fig. 89). 
he = ac 

6c = 1, thenafe = V"2 = 1-414. 

a6 = l, „ 5c=V"^= -707. 

These figures will enable you to sketch down the strains in 
lattice girders, by the parallelogram of forces, and follow the 
value of the lines through, without measuring. They are par- 
ticularly useful if you have no knowledge of trigonometry. 

To return to our Warren girder : if the depth appear too 
great, or too small, the number of bays must be modified 
accordingly. We will assume only 3 bays in order to 
reduce our work, but generally you would not have less than 
6, and might have as many as 13. 

We will consider this girder under four different condi* 
tions : with the load concentrated and distributed, and with 
the number of bays even and uneven. 

First, with a concentrated load in the centre on the top 
flange, and an even number of bays, as in Fig. 90^ 

We have this load supported primarily by the two struts 
meeting underneath it, and as we know that half the load 
passes through each of them towards the support, these will 
be in compression, and the amount will be found by paral- 
lelogram of forces, as in Fig. 91, the vertical dotted line 
being equal to W ; taking one of these struts, we find at the 
bottom it produces (Fig. 92) tensile strain in the next 
inclined member, showing it to be a tie, and also in the 
bottom flange. The other strut produces similar strains on 
the other side. Then the tie, Fig. 93, brings a compressive 
strain on the next bar and on the top flange. This bar 
being the last, the strain transmitted by it is resolved into 
downward thrust, or dead weight on the support and tension 
in the bottom flarge, as in Fig. 94. The ends of the top 
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flange, and the ycrtlcal ends of the girder do not receive any 
strain ; and the proof is that we have now traced the action 
of the load right through to the supports without passing 
through these portions. 

Upon putting this down to scale, you will find that with 
a single central load all the bars are equally strained, and 
with only three bays the top flange is uniformly strained 
throughout the two central bars, but the bottom flange has 
the strain from the end struts transmitted through it from 
end to end, and in the central portion it has the additional 
strain from the middle struts. Whatever the number of 
bays, the rule with a central load will be that the lattice bars 
are all equally strained, but the flanges will be strained in 
an increasing ratio towards the centre of the span, depending 
upon the number of bays upon each side producing a 
cumulative strain. 

Now, by reason of our knowing the proportions of an 
equilateral triangle, we can find the strains very easily by 
calculation. Suppose our girder to be 15 feet span, the 

width of each bay will be -~ = 5 feet, and the depth of the 
o 

girder 5 X '866 = 4*33 feet, or say, 4 feet 4 inches. Let 

the load be twelve tons, then the strains will be found 

thus: 

8 = span in feet, 
n = number of bays. 

h = width of bay = - . 

n 

d — depth of girder = • 866-. 

g 
I = length of bar in feet = - • 

W = concentrated load in tons. 
w s strain on centre bars ; 



J 
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d : J : : i W : «, 
OP » = -^^j and thig 18 = jT^oft' ^ '577 W. 

In this case, x will = 6 * 95 tons, and the strains will be as 
marked in Fig. 95, the dotted parts having no strain in them. 

It might be supposed that the strains in the flanges conld 
be found from the formulsd we have previously taken, or by 
leverage, and this would be right for the bottom flange of 
this girder, but not for the top. The strain in the top 
flange is not due to the direct action of the load, but to the 
compression resulting from the two bars shown in tension, 
and the amount would be the same as if we took one bay for 
leverage, instead of 1^ as we should at the bottom. It will 
also be noticed that between the points of attachment the 
various portions of the girder are considered to be under 
uniform strain, so that a curve of strain say for the bottom 
flange would be something like a shearing diagram, Fig. 96. 

Now we will take the load in the centre again, but use a 
^rder having four bays, the additional bay being placed 
half at each end of our last girder, as in Fig. 97, increasing 
the length to 20 feet, the other dimensions remaining the 
ame • 

If I thicken the lines in compression, and mark on each 
part the value of the strains in terms of a, I think you will 
understand it without going through the working again. (See 
Fig. 98.) 

The dotted portion at each extremity has theoretically 
no strain, but is of course required to hold the vertical end 
in its place, and to give sufficient bearing surface for the 
end of the girder on the supports. It also shows you that 
a girder thus constructed may be supported at the ends of 
the top flange, if properly designed, the supports taking the 
place of the vertical ends. 
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We will now go back to onr first girder of three bays, 
and put a distributed load of the same amount upon it. 
From a mere inspection of the bracing we can predict what 
the nature of the strains will be, and I may therefore just as 
well draw the girder at once in thick and thin lines, Fig. 99. 

If the total weight be 12 tons distributed, and the girder 
15 feet long, it will be |f = '8 tons per foot run. We must 
see how much of this will come on each apex or supporting 
point, Fig. 100 ; from a to 6 we have 2 • 5 feet, which x * H 
= 2 tons ; from & to c 5 feet x * 8 = 4 tons, o to d again 4 
tons, and d to e the same as the other end = 2 tons. Now, 
of the first 2 tons half is borne by the yertical bar at the end 
and the other half by the first pair of inclined bars. Then, 
with the 4 tons, we have half on each apex at the sides of 
that bay, and so on. Addiag these half-loads together, we 
get 1, 3, 4, 3, 1. 

In order to get the strains correctly with a distributed 
load, or a load or loads out of the centre, it is necessary to 
work from the abutments towards the centre, and we must 
therefore find the pressure on the abutments next. To 
do this, we find the centre of gravity of the load, and obtain 
the result by leverage as previously explained. In this case, 
as the load is symmetrical, the pressure on each abutment 
will be half the total load, or 6 tons. But there is 1 
ton acting exactly opposite to it in 6 B and a A, so that the 
amount acting through the girder trussing will be 6 — 1 = 
6 tons. Tension and compression may be conveniently indi- 
cated by the signs — and +. By parallelogram of forces, 
Fig. 101, we resolve the 5 tons at B into 2 * 9 tons in g B, 
and 6 ' 8 tons in d B. Transferring the strain in d! B to its 
upper end, we then have the load on d, and the strain in 
d B, both acting at point d, and we want to find the effect in 
g d and c d. Before this can be done, we must compound 
the two forces -j- ^ ' 8 and 3 • into one, as shown at h d, 
then resolve its effect into the two parts c d and gd =4*0 

B 2 
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and 2 • 8 respectively. Transferring the strain in dg to its 
lower end, we have it acting upon fg and eg, producing 
strains in each, equal to 2*3. Now we add the strain in B^ 
to that in/<7, and we obtain the accumulated strain in fg = 
5 • 2. The other half of the girder will be exactly similar. 

I worked the strains in the first example this evening 
from the load towards the abutment, because it appears to bo 
more direct, and when we omit the weight of girder there is 
no difficulty ; but you must take it a^ a general rule that in 
any case the strains should be worked from one abutment 
towards the other. In practice, of course, you never get a 
concentrated load alone : you have always the weight of the 
girder itself as a distributed load in addition to the other. 
The weight of girder is allowed by taking it as being divided 
over the various points of support, viz. the apex of each bay, 
precisely in the same way as you would consider it if it were 
an external distributed load. 

I have now shown you sufficient of the application of the 
parallelogram of forces to lattice girders to enable you, with 
time and patience, to work out any example that may arise ; 
the consideration of other arrangements of trussed girders 
will be better left until after the next lecture, as I shall 
then introduce to you a system of working by which your 
difficulties will so vanish that it may well be called the royal 
road to the determination of strains. 

There are, however, a few cases of structures in which the 
strains are determined more easily by the parallelogram of 
forces than by any other method. Among these are all 
varieties of cranes, and as I have not yet seen any book which 
indicates the mode of finding the strains correctly, it may be 
desirable to give you a few hints about them. 

In its simplest form, a crane is a projecting bracket, 
carrying a pulley, over which a rope or chain passes. If a 
crane of the kind shown in Fig. 102 have a load of 1 ton, 
the books say the strain will be tension = 1 ton, compression 
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= ^2 = 1*4 tons, as in Fig. 103; but if we take this 
sketch as a sample, and apply the method without discrimina- 
tion, we shall soon get into difficulty. In the first place, the 
load is not hanging direct from the end of the jib; it is 
hanging on the chain, and the chain has an equal tension in 
every part, and we have therefore two forces, as in Fig. 104, 
the resultant of which will pass through the sheave-pin, and 
give us a diagonal force as the actual connecting link between 
the load and the crane. With the chain leading off horizon- 
tally from the top of the sheave, and the load always hanging 
vertically, we shall find the effect the same as if the load 
were hanging direct from the sheave-pin, so far no error ; but 
frequently the chain is not led horizontally from the top, 
and allowance should be made in many cases for pulling at 
the load with the chain out of plumb. So that practically 
we must take the direction of the chain for the top of the 
parallelogram, and the mean direction of the load for the 
side of ihe parallelogram. Then the remainder of the 
working will be a simple application of the principle that 
you have already had some practice in. 

If we had taken an angle of 60^ for the jib, the error of 
the common mode of working would have been very striking. 
Fig. 105 shows the arrangement, and enlarging the parallelo- 
gram of forces, as in Fig. 106, we find that the tension in 
the stays will be given as * 58 ton, and compression in jib 
1*16 tons; whereas, taking the correct mode as in Fig. lO"^ 
or enlarged in Fig. 108, we find that both the jib and main- 
stay or tie rod are in compression, the amounts being re- 
spectively 1 * 16 tons and * 42 ton. The weight of the parts 
will affect the precise result, but not the principle. This 
shows how very careful one must be to take the exact course 
by which the strain is communicated from one part to 
another. 

The subject of Oranes will form one of the lectures in the 
Advanced Couxse, which I propose to give as a sequel to the 
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present conrBo; there is ample work for an e^rening in 
tracing out the yarions strains npon a few of the more typical 
forms, and I must not detain you longer with them now. 

QUESTIONS FOB HOME-WORK. 

1. Mark the amount of strain in each part of the following tnuB 
(Fig. 109), when the load equals 8 tons, omitting weight of trass.— 
Ans. See Fig. 110. 

2. In the following girder (Fig. Ill) mark the strains in eai^ p^ 
tion, taking the distributed load as 10 tons, including weight of girder. 
—Ans. See Fig. 112. 

8. In the following girder (Fig. 118) distinguish the parts in eoa^ 
pfession by thick lines.— Ant. Bee Fig. Hi. 
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The reciprocal diagram of forces— Explanation of the principle^ 
' General knowledge of strains necessary before use can be made of 
this system— Construction of diagram — ^Lettering spaces instead of 
lines — General directions for constructing diagrams — Application 
to roofs— Diagrams for single and double rafters — For span roof 
with tie rod— For same with addition of king bolt — ^Por ordinary 
king-post roof truss— For roof with king and queen rods — For span 
roof with tie rod and double king bolt— For same with addition of 
struts — For same having additional ties and struts for larger span 
— For span roof with king bolt and cambered tie rod — For same 
with open king bolts — For trussed rafter roof— Examples. 

Wb have seen how to find the strains in the simplest form 
of a roof truss, or trussed beam, by means of the parallelo- 
gram of forces, and you will remember that I mentioned the 
fact, that if any three forces in equilibrium acting on a point 
be represented by three lines of proportionate magnitude 
and corresponding direction, they could be so arranged as 
to form a perfect triangle ; and any number of forces, under 
similar conditions, would form a closed polygon of the same 
number of sides. 

Well, the converse or reciprocal of that statement holds 
good, and upon this is founded the system first introduced 
by Professor Clerk Maxwell, called the " Beciprocal diagram 
of forces " ; which has been further elaborated by Mr. Bow, 
a civil engineer, and I have now to introduce it to you with 
a few applications of my own. 

Briefly, the reciprocal relationship would be defined thus : 
corresponding lines which meet in a point in the one figure 
form a closed polygon in the other, but this is not always 
possible so far as regards lines representing external forces. 
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We will take a simple triangular truss to represent tlie 
method, and then you will better understand the directions 
which I shall give you for finding the reciprocal diagram in 
any given case. 

Let Fig. 115 be the truss supported at each end, and, for 
sake of simplicity, loaded with a concentrated weight at the 
apex. 

Now, in this system it is of yital importance to ascertain 
correctly the position and amount of all external forces ; here 
we have three, I will indicate them by arrows (see Fig. 116). 
The next step is to letter each space within the trussing^ and 
also each space outside the trussing, as in the figure. 

Then, in the diagram, any line representing a portion of 
the truss, or a line of force external to it, will be named from 
the two letters belonging to the two spaces it separates. 

Thus, draw CD (Fig. 117), in direction and magnitude 
equal to the load on apex; it is evident that the reaction 
on each support will equal iOD,orCB-f-BD = CD, there- 
fore place B midway between C and D. FromC draw C A 
parallel to the left-hand rafter, and BA parallel to tie 
rod, meeting in point A ; also D A parallel to right-hand 
rafter, wHen the figure is completed ; and by measuring the 
length of any line in the diagram we obtain the strain acting 
in or upon the part separating the similarly lettered spaces 
in the truss. To maka the diagram indicate as much as 
possible, the parts in compression sX^ould be thickened, and 
you will have no difficulty^in doing ^is withVour present 
knowledge, although the diajjram throWs no ligot upon this 
portion of the subject. 

You will now be in a position to understand the detailed 
directions for constructing a reciprocal diagram for any 
other case. 

1st. Assign a letter to each enclosed area of the truss, also 
to each division of the surrounding space as sepa* 
lated by the lines of action of the external foroeeu 
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2iid. The lines in the diagram are to be drawn parallel 
to the corresponding lines or parts of the trass 
figure. 

8rd. The forces acting in lines radiating from a point 
in the truss must in the reciprocal diagram form a 
closed polygon. 

4th. The sides of any uncrossed space, triangle, or other 
polygon, around or in the truss, must always be 
represented by lines radiating from a point in the 
reciprocal diagram, and that point is to be named 
by the letter assigned to the space or polygon. 

6th. All the external forces acting upon a truss must, 
taken together, be represented in the reciprocal 
diagram by the sides of a closed polygon. 

In the example we have taken above, the external forces, 
taken together, really form a closed polygon, but the sides 
overlie each other. If we open them a little, as in Fig. 118, 
we shall see this relationship better. 

Although the principles are so simple, the arrangement of 
the diagram will sometimes be a troublesome matter until you 
have had considerable experience, and I therefore propose to 
give yon sketches of some of the ordinary forms of roof 
trussing in ironwork, with the corresponding diagram fully 
lettered, and in fact ready for yon to apply to any case that 
may arise in your practice. 

We will start with our former illustration of the inclined 
beam, and divide the trussed examples into groups, according 
to the arrangement of the parts, assuming in every case a 
distributed load such as a roof has ordinarily to bear. 

For a single rafter, as in Fig. 119, commence with the loads, 
taking the left-hand first, and if your sketch has been lettered 
properly and the diagram worked correctly, the letters on the 
diagram will come in regular order, as shown in Fig. 120. 

For a pair of rafters we have the arrangement shown in 
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Fig. 121, with its diagram shown in Fig. 122,* and for the 
same with a tie rod we have Figs. 123 and 124. In tliis last 
diagram we have a clear illustration of what I have told you 
previously ahout the portion of the distributed load next the 
abutment being carried direct by the support, without trans- 
mitting any strain through the truss. Here you see the piece 
OD comes outside the lines showing the strains in the truss, 
indicating that it is dead load on the abutment only. 

Now, if we put a king bolt in the same truss, as in Fig. 
125, we shall find in Fig. 126 Uiat it has no strain from the 
load, its sole duty being to support the tie rod. C A, C B 
are both horizontal, and must therefore be in the same 
straight line from ; but £ A and F B are equal in length, 
start at equal distances from C, and make equal angles with 
£ F, therefore A and B must be both at the same point ; then 
the strain in A B being represented by the distance from 
A to B, it will be seen to be niL Many other cases will 
occur in practice, in which you will find that, so far as tho 
transmission of the load is concerned, there will be a 
redundancy of parts indicated by the letters, representing a 
line, meeting in one point In other cases you may find that 
there will be an excess of parts giving a variable strain 
according as the load is assumed to be borne more or less by 
the different members ; these latter are of course awkward 
instances, and belong to advanced practice. 

Now we will add two struts to the truss, and try the result. 
(See Figs. 127 and 128.) In this case A and D come into one 
point, because the tie rod is straight; if it were cambered 
tiiey would not come together. 

Taking the same type of roof applied to a larger span, as 

* In the leotnres the whole of the illustrations were drawn on the 
blackboard, the diagrams being oonstrnoted line by line; it is hoped 
that the reader will find no great difficulty in tracing out for himself 
the order of working and the lengths of the Hues with the lettering 
given. 



STRAINS IN IKONWORK 69 

in Fig. 129, we find, as we might have expected, that there 
is no strain in IJ, or A B. (See Fig. 130.) 

Now go back to Fig. 125 and split the king bolt so as to 
get two points of support for the tie rod, as in Fig. 131, and 
see what effect it has. We find by Fig. 132 that there is no 
strain in A B or B C due to the trussing, so that the only 
strain upon them will be due to the weight of the tie rod. 

Let us add two struts, and we get the iruaa and diagram 
shown in Figs. 133 and 134. 

Taking the same type of roof for a larger span, the 
additional trussing will be as shown in Fig. 135, and the 
diagram as in Fig. 136. In this form of roof the struts are 
sometimes arranged so as to be perpendicular to the rafters, 
and therefore in the best position for resisting the strain in 
them, because they are then of the minimum length. At 
other times they are arranged by dividing the tie rod equally 
and making the junctions with the tie rod at the points so 
found. 

Next go back to Fig. 125 and camber the tie rod, as in Fig. 
137 ; owing to the camber of the tie rod, we now get a strain 
in A B, as seen in Fig. 138. 

' Now follow on with Fig. 131 cambering the tie rod in the 
same way, as shown in Fig. 139, the diagram for which will 
be Fig. 140. 

Take the same again with the addition of struts, as in Fig. 
141, giving a very conmion form, and known as a trussed 
rafter roof. We may consider this as two separate trusses, 
united by a tie, as in Fig. 143 : it is a very good form for 
small roofs. 

In this system of diagrams you have a key to the elucida- 
tion of the strains in the most complicated structures, and I 
shall further exemplify its use in the next lecture by taking 
various forms of lattice girders. 

Yery careful working is necessary, and accurate parallelism 
between the lines of the diagram and those of the figure. 
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The examples for home-work upon the present lectnre wiU 
form a very good test, both of your carefulness in this respect 
and of your general ability in applying known rules to 
modified cases. 

QUESTIONS FOB HOMB-WOBK. 

Work oat the strains in the following trusses by means of reoiprocal 
diagrams, and figure the valnes on the sketches : 

1. Span 20 feet, load 4 tons distributed, camber of tie-rod 12 inobes, 
rise Jth that of span. See Fig. 144.— Ans. See Figs. 145 and 146. 

2. Span 20 feet, load 4 tons distributed, camber 12 inohen^ rise |tb 
of span. See Fig. U7«— Am. See Fig& 148 and 14a. 
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LECTUEE Vm. 

Application of reciprocal diagram to lattice girders — ^Diagram fof 
Warren girder, with central load supported on top flange— Fox 
same with load on bottom flange— For same with additional bays — 
For same with distributed load on top flange — For same with load 
on bottom flange — For lattice girder, with bars intersecting at 45^ 
under concentrated and distributed loads — For lattice girder with 
vertical bars — ^Examples. 

This evening we shall apply the reciprocal diagram of forces 
to lattice girders of different kinds, and you will see how 
favourably the system compares with the ordinary parallelo- 
gram of forces for such investigatioDs. 

Very little explanation will be required ; the chief difficulty 
is to know what form the diagram will take for each variety 
of girder or arrangement of bars. I will sketch them down, 
and point out any particular part requiring notice, and I hope 
you will stop me at once, if any part is not quite clear to you, 
in order that I may explain it. 

We will take first a Warren girder of 3 bays, with a 
concentrated load in the centre on top flange. Fig. 160. In 
this diagram, Fig. 151, we have IJ = full load, and I H, 
H J each = J full load. There is no strain in I A or J G, 
which agrees with the result found by other methods. 

But suppose we have the same load supported by the 
bottom flange instead of the top, as in Fig. 152. We now get 
considerable alteration in the strains, and find some difficulty 
in adjusting the lines showing the application of the external 
force or load. The weight is acting in the centre of middle 
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bay, bat so far as the trussing is concerned, the load is 
divided between the points a and &, and we mnst therefore 
pnt lines here, each representing half the load, and then 
N(^ letter the spaces as shown. The letter K represents the 

whole exterior of the girder above the abutments, because 
there is no external force outside of the reactions ]cipon the 
abutments. Then, in constructing the diagram Fig, 153, 
we shall find that as the load is on th& bottom flange the 
whole diagram will be reversed, the truss strains being on 
the right of the lines of forces instead of on the left, and 
yon see that CD, D E have no strain upon them, because 
all three letters meet in one point in the diagram. 

Now take the first example again, and add half a bay on 
to each end, making 4 bays in all instead of 3, as in 
Fig. 154, giving the diagram in Fig. 165. 

If the load were taken on the bottom flange of this girder, 
you would work it out in the same way as Fig. 152, but the 
diagram would be like Fig. 151 reversed. 

Now take Fig. 150 again, and try it with a distributed 
load, Fig. 150, obtaining the diagram Fig. 157. 

If you compare diagrams 151 and 157, you will see 
that with the same total load the strains are much smaller 
with the load distributed, shown by the area of the diagram 
being smaller when drawn to the same scale. 

We will take the same girder again with a distributed 
load, but carried by the bottom flange, because we shall then 
discover a new difficulty. (See Fig. 158.) The difficulty is 
this : at each end of the girder next the abutment we want a 
lino to indicate the portion of the distributed load carried by 
that point, and also a line indicating the reaction of the 
abutment, both lines being truly vertical, and meeting at the 
same point. In a case like this, the simplest way is to 
imagine the double line split open, giving room to put a 
letter between, as shown at L and H. Then I H will be the 



""fA;^: 






0TBATNS IN IRONWOBK. 63 

load and H M the reacfdon, and the diagram will bo as 
Fig. 159. 

Next we will take a lattice girder, the bars of which cross 
each other in the centre of their length, and all incline at an 
angle of 45°, as in Fig. 160. It is very certain that, withont 
being told, many of you would puzzle over this girder a 
long time before yon would be able to satisfy yourselves 
about the strains, and you will most likely be astonished to 
see the number of theoretically useless parts, as proved by 
Fig, 161. Practically, the dotted bars would help to stiflFen 
the others, and therefore be of some service, a bolt or rivet ' ^ ^^ 
being put through their intersection. 

Taking the same girder with a distributed load on the 
top flange, as in Fig. 162, we shall find by diagram Fig. 163, 
that all the bars but two are strained. Point A in the 
diagram will be midway between and N. 

Suppose we add vertical struts to this girder at each apex, 
giving Fig. 164, we shall then find by Fig. 165 that even 
with a concentrated load all the bars are under strain except 
two struts which are not underneath the load. 

For the next example we will take the same girder, but 
with a distributed load carried by the bottom flange, Fig. 166. 
In this case, taking the letters in alphabetical order, W 
happens to come on top, where it represents the exterior 
space, not a load, and in setting off the loads in the diagram v 
Fig. 167, we have some difficulty in finding point A. It is c 
obtained thus: WY is half the load, from this subtract ^ 
V U, which is the amount borne direct by the abutment ; 
the remainder U W will be transmitted half through A B 
and half through A 0,. therefore place A midway between 
W and U. >.J[n this case we have a perfect girder, every 
part being under strain. /• V iv.vv r\ *3 . \; o . .-.■ \ ' 

In applying reciprocal diagrams to the study of strains in 
bridges, great caution is required, owing to the magnitude 
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of the expenditnre and oredit at stake, and the difficulty in 
many cases of deciding the exact course of the strains. 
While the method is second to none for estimating the pro- 
portions in preliminary designs, precise calculations should 
bo resorted to for the final sections and joints. 

Many other structural forms might have claimed onr 
notice, but as our time would only permit of examining a 
few leading varieties which could be treated in an elemen- 
tary manner, I have selected those which I thought would 
be most useful to you, and I hope that you will be able to 
make practical use of the information you have derived here. 

In conclusion, allow me to thank you most heartily for 
the interest you have shown in this comparatively dry 
subject, and particularly for the manner in which you have 
worked the home papers ; although there have been 
numerous failures, there has on the whole been substantial 
progress. I always adopt the custom of giving questions 
for home-work, because it compels some attention to the 
subject between the lectures, and the answers enable me to 
gauge the ability of my hearers so that I may modify tho 
future lectures if necessary ; and, moreover, the pleasure of 
personal conference with my hearers is not the least of the 
advantages. In all probability the scheme inaugurated by 
the lectures now brought to a close will become a per- 
manent feature of the Society of Engineers, and therefore 
any suggestions as to future subjects will be gladly received. 
I trust you will make these courses widely known among 
your professional friends, and I may say in response to 
numerous enquiries from those anxious to continue the 
study of strains, that I will endeavour to get an Advanced 
Course ready for next session, but my numerous engage- 
ments leave me so little leisure, that it may be some months 
before I can make a commencement. Cranes, gas-holders, 
lock-gates, bridges, arched roofs, and the effect of moving 
loads will form some of the subjects ; and should any • you 
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in the meantime disoover any structure involying special 
difficulties, I shall esteem it a favour if you will communi- 
cate with me, in order that they may receive due considera- 
tion. 

QUESTIONS FOR HOME-WORK. 

1. A Wanen glider, 20 feet span, has a oonceutrated load of 5 tons, 
carried as shown in Fig. 168. Indicate the nature of the strains and 
figure their value, omitting the weight of the girder. — ^Ans. See 
Figs. ^169 and 170. 

2. A lattice girder (as in Fig. 171) for bridge 24 feet span, 6 leet 
deep, weighs 4 tons, and carries a distributed load of 2 tons per foot 
run on bottom flange ; show the nature of the strains and figuici tiieir 
Talue.^Aii0. See Fig. 172, and for diagram see Fig. 167. 
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^ , .^ . ; dpifftt^ j^sTO^iWiTTT'^'W^Mtf WT^rtical shaft— Open and crossed mltsi — 
i£ ^,iJglji|mmef Ji}^ ^heel- Ci*^ iJfti^i-Wrofetgtofiahdieast 

washer— Single and double' eye-^FoAied^end of Eftiali^J€ftfali«5tin|''fod-^ 
Bolts and nuts — ^Whitworth standard proportions— Spanner for tf 
"^* ^^t»-^Wt"^a!M';Waw»»»W«»««-i^^ iltita— ,Kaiw(aft ioiWfr if^ WJ**— 
'^;' .TAvr^es of boM-^^il»'a«idcd4^r4XiJB4<jftiiQn-'»rai»tph(H^ 
,^ "Hkck attd j)finiorii^^fepur whd«l'imdi'piiiioBh^JUvcrt4itghn^)i|A^.4^ 
^^ :f.ttraed1o^^«--Rlvettieads,Jwaiift«iiornipb^I*^^ 

''®' tirajr ^iiaf6ttr.wa^codk*-i-&boo<^ bo]|,Wd,^lan^l 

a* ; ^Mtt*8' paifetel ii4d«6fe-iiiftrf*ty^'V3aa¥»«*jBietaiJW^^ 
*" " QrxWtf^^b^.aiid croil^fe^dii^Bitoket fbr.lift't)u«p-f7jPistoft,,»n^.^ip:fof 
^^'•'"dbtTtt^^actiMj^Jbi*** ^Mtfof^'-'^^ttnight^inm iwi6ft5^p,Twit^jp<^pIm|;b^^^ 
and cotters — Wrought-iron solid flange !iB(m|dk^r4P5v?Pr^^t .^W^"^ 
Eccentric sheave and strap— Stnlfiing box with metallic packing— Blide 




: )ptncip8^B«rt^bf€y ■ 'nhe^Mmd»ackmTMw9*^9ia^i vaif^«sH;£lkidurrp Stop 

—Quadrant bracltet for screw- cutting UttLe-^Onmk c^itrefor foot latlie 

^-l)og chuck — Lathe bed — &ipeed pulley — Split dritin — Flat 4 inked chftin 

J..— Short lipked crane chain— Stud chains — Chuin ahackle— DraLl eounter*- 

^^ weiglrt for i:rane cbain— 'Convera^cii^heffre fpf 4, Wu -^Chjtiti book — 

^/Ram-horii'l\<)ok— Stoppings sEartf^g',' &tid reversing gear for shafting — 

[J ^feTfer&mg geoj- for pUning Bin-rhiTi^'sf-- -tla-^f^catft?!! af iSuttitijj- took — 

;, Htjwletf E adjuatablr friction ,gearing— K:ibcrtai.ni^i (Hctityn glaring — 

^ Troju^itt^cfn^ of tetth fcir spur glaring — irfauchestfr pitcli— Oyclfi'idal and 

" «iticyc]oidal ti^eth — I UTdnteteet!!— Willis' ociotitograpfr— MStt^ 'ft'heek^ 

!7el gearing — Re v:t^rdTig gears — Quick icfctam motion?' — WorQi- wheel 

d ficrew— Screw cnttitijr— To find change tk-hcels for ^tsgle at^d double . 

'|lin B -: ^ke w gea.n ng— S kc w h>elt — Revtrsi^ g^ar b j belt& -Vi\ 1 o«* block 

V^ilT— Hariging bracket for ^baftiBj;— VanouK fortDs of Ueyfl, and 

betiibd^cSrkejiDg— Varieties of f^cr^wthxejuSs— Whitworth i5tdJ3daTd vee 

thread — American standard threAd[-^Riret«d joints, three and fmiir platee 

orer-lappmg — Proportiona of rivets in steam and watertight joiti.t« — 

. ,jj^team ^rjgice governor —Siphon, pijitcjnj and needb lubnt^attsrs— Wilaon'a 

. jK Jfnpcrmt';i,bijr'— U eg u latin g vjilve aud sitiiiiidajrdp-Covv bum's dead^ weight 

; ._ -^titj Y:ilvi> — TAvin jsjfffity viUve for boitera - Ba)bji^b<|ttoni*s safety valve — 

\-, 1 ^ ai^g^-cucka f lir bo^*? r— fi^u^t -g laije ^ml fitti n^s— JM atiliol e and 'door — 

^' .^oilt:T furnace^ — r,j,r?UfeJ motUvnB tor kn^I and marine engines— Link 

/^ , motJons — Clutth coapliag-^Fo^vler'i? e]i\t drum— Snatch hciid^^Snatch 

J^ 'j ' block^^Iilo ck t utokje : — Scr.cW jajjk-T- H v diiiu 1 ic jack— Sci"^)^'^ propeller-— 

, T^, $^Ji^al and yolt^^ aiJiiaga— "Wrpvyglxt ^^d cita^-iru^'girttefa ^nd columns— 

" Tj nite ' emplojeil in engtnet-ring caliuiktitin^^— Principles , cf levy^ge^ 

Tirtual velocities — Ci instruction of velocity curvca^Fnction — Strain?, 

tension, compression, torsion, shearing, bending, elasticity — Co^efficient of 

-^ ,i AinraGtarfiiiaBroliyanoiis 6ttimii{at^9tafc»£niKUW Wd.MIW{4s«^^^^ 

individually ■^''''' "^^ ''i ^'"^ ''^»^^^- 

- 'iiendft&^,«^to6j*«ciiJg; <*)iyttiiin^;'triftikti|/JflW<*il^J^i^^^,^'ir8hw 
— '^b«»fiiig',^and 'teMiti5+-^!<rtfe ^^il^ !fl6GriiJ^^i^«ftotl!^i§^ ^^. a««i other 
•^ ^^ ifeWtfWagfe^-^k^itt^vtfs-^Mdfeed^'A^ oi^ft^ming, 

■ '^4-$Vto€dJdeort— Sing^^'^^bfe<*i#!fi^^ and 

pole-plates— Va#!(ms' 161^^ loDftfi-iGenM^^'W and 



« 



JOMMXam BF acaRRPosis. 



i^jioi hsmaM, .mMLynmni i fliiiiiiliilg tfijeoot->tiBiiMnir^Aaig|i»>ltfi.fliMi^dragoD 
«!' '^ pk i to(-J( » iM r l< g/pyrt»ieBf4iBi rf i Migy i f : |< M rttittog >>- >ahMi ad>pMitijdon~ 
MA^.] |ai>tL>tHn^{<|ib utof »'' iJ BiM ri l j i 1 p i ti l i m i i lllhM i i i ri ii n >ted JS&tek- Orders — 
— 7- H4nat«aiiii^D9giMgi^ Mil ^iiMC^Wit^'ah a w ^ fl ktiflftipfniwhes and 
^ti ..JiKmAniiifiiMuij-wttMha li miiiifiii liii tfwa^ittiri to ■ ii BUn lw Bl ylm^iid pile 
Hii:n ■y> a i»..^ l«wH g~'«BAi8«thrttia g » rfB* ilB ^ V mkUmB and 

,.^,xsoiraf9-C/?<iiaref^ for 

... .girdfr-:tr^ftaj;idajgr..wa%-I^2lf§<4iP^ pocmoea— 

^., .^rrUoUfmfipm jV%lJ|.,^4jW35h9^r>P^toi!t^ flooring 

" ^* ^^; '^^ AstiiP^cini^l^^^'q^^^^ 



,i ; ' igtoue "ooAel^^ and ^ ,t0niDiate&-- Window ^ilis aii^ Bijbring ""^bttta 

'/'ileQ€f7-^Wc<?ifies:i-Cft>^ic©^^ ' and^'^aj^— Bsafistrado^- 

""" 'K^^flae's' ip^t^jjj^ stbif^ltf Sppfc^ ijutty^t^ititfcns ii bedding and 



ney- 






„ „ - ^ -Ji8top flailing— 

Painting — Materials used—Knot prime and stop—Oil oolonrs^-Dis- 
sheet, and plate glass. /:[*ra,i. .b*. 



Bolts, nnts, and washers — Tie bolts and straps-^Gibs and 
.^jir .ie^iiefitwG»^ B«new0rTrSvik^aa4ltoUI3i^»9<OQrB-4«^JMlCr 
>^r:h!'Wr%9ghj;if^diH|i|^dn ffi^^»na^ft^^ 
i;(it .ifo» ioi#jb— Bii6^t#. iwnterTTW9f<>l*«li^rA^ dA*«>lttWl. )>q»i^DB#er8— 

,..-., L'W4tCftolMli*TTT,TV;:0WB)rtr*r»ftjifP^ 
.,, . ^Bvi^r^y ;rftMil«-r'HftwW(9yWb ' jfLfta^X'f> -^H»d., ^iQd«^^ -patent 



i^iiAsiasjotoLsotuun« 



Ql 






..!/: 



:j 



Cph 



AOWflwiife^afica?!^ 

«ta«e before competing iBj^«w,j.,7P4g^\l^nt9^^^ ..:«..„..,..,. 

<eour8e,!U3,ait will be found usefuUnj>repsntioniorth6 Arcnitectu|:al Association, 

th^ fiyp^M6^^,m'' ^ana^^Saii&p.fe%%<Ber 

-KT The only First-Clasa H<moura.m5tf^^^4q^jy3.^e,^X^9^^;^^i9frf,^ 
, . tioQ. was a Student iz^ this Glas^. , , , . 

De)^arifa»^t, aia-a^^ -pULodd M^c^l^ ^ t^e6ttMediU?tlAalMl^t»'i tt«yi<i 
themselves of the privileges afforded by the College. The woaSulH^^^ 
valuable Scholarships isnd Frne8~deta!ied=^oBr the next page enable an 
industrious Stadent to obtain a free education of an advanced character 
and « large smn for the pnrohase ^b^d^s^pnaratiiiis^o. 

In these classes the studenta acft.£xpected to make, within the hour, a 
'Copiwlete pencil drawing to spale from a large diagrauL the subject being ,«o 
graduated in -diffitsidty as to'refader^hiis^^Tiite^^jcWbfe fe^'>UAA^fc6' aefihd 
regularly and keep up their prsetice. llie drawings iBa^'4il;efr»WJini^[iiL> 

eg[ pojl^^, 
.Kensiii^nfor./^W^;^j^ 

Tne aitcwilncff arBTmaliyT^tilriletf 'Co >iret .stuuttiW'Ttv tne-'commeiircemeMt of 
of tlTfe'^^mgSe^i'dn. ' "'^ ■''*'"' '^- ' '^^* ' -*^ iMneM.ri^fi J-fr> r - ar 'i 

By^e-'^ASfi^adbi^oat'^ft^a^A^QB^QBii 'Omg^Sfilfill 'b€^^A]bnd 

and others. The successes at South Kensington Science Exftn^]jmi,9;i0J;WB^ 

incIi;din|L the , Honours Stage, ayQijaged^ oiojr 90 pQr-,/ienL.^om 'tnb 

formtttiS tSt fee^cSaS^es in" m^-^p* ^o^isSfJvMl? th?«Wft4;su66yBe8 

of^'&^tJtii1r^A%&gdom^4dlS9<y^we^^i&^ti^;f/ 

84 per cent., Honours 3ri)^rcetft'^- ^nde l8§i?''^&^«tttdai'a^^^^tft* kaflfai-J 

)]eildODiili««5b«en(4fen«ide(vibI|i:rai^ l«A^in 

the list of successes. .e>njij!.":>jit^ Ui?^'jni:q 




10 sTUAsn^or Ltovsattr 

TSXT-BOOKS.-tTxcenigai. Brawino and all CLASgss: A.dam9 

HAcran CoNBTBUcnoN : — v Low^s HaoEine iMsign^' (IiOilgmaii» 
2i.> and Adanui' *<K«7 t80.^1iMi«i>iii»tim» tfctf^ohine Ck>n8lniotion '*' 
(Eiementery; aB.,6d.. for J^lemeBtazy S^dents; ''Unwin's Midline 

Miuifiiiij) ^e(m«tra 68!; |6r' iLav«mb^0tt3«tt«6 ; 

Affamd'^mijabi^f6^ifi[e«^ ^tt.'^ea.v fttta l^^t^^dy'd^ 




*' I>68i^u^J[rQnwork/' 88. 6d., f^nd *' Notes i^ Building jt^oiiathiction/'' 

In ofloh oMe the more advanced dsAses should be acqnamtra with aU 
the books recommended t o the prep a^iiiig nlii.ft«»a 

Drawing-boards and T-squares are provided free, other drawing 

mil^riAJl^ JM9! be obtaj^pd ia.^i3j998M Hi 1>bi mmitv^a^A- ^1%^ text- 
boKte named, above Mudoa^ be job^ainfd fwb^a^. di««9imt .^f 2d. in the 
shillvag^r'n ••■/■ \..:i>-j ji- yc( :■■ \:- -. • .i.^ . . .. -..•. 

■ip R I z'li^'s ;■ '^(feV: '"■••■'.'■ ■ 

^JfOjC cp^tions o| cpi^ gai;t4P^]lai:s'^ee the 

*ft6 AtSspciAtiaSttiF w thi CTry 6^ college, 

cbtlf erred aft^r't^ee years' sttcc^sfnl^stndy 'upon application to the 

3s. in Civil Engineering and allied subjects, and ^^^Bs.Jn |Ce(|}2^iiucaI 
icineering and adUed subjects. ^ . i ^. - . 



£8 ; 

Engineering and allied subjects. 

b The **]Lt9BiB0GKraaOHDliABSaiPr:of^^0 affiml^ ^ the 
seeiArio(tiie'aBo«al eiiaioDm^tiumi^'m^pSik^iism^ SAbjeotf».£i>m a part. 

^'COLX^GE PHIZSS bf'^VidlM)^^^ iLad'lGBB3SFiOAT£& 

ofihifeeg^aia^V'''^^ •; - "• ' ' ''•"" '-^ ''-"^ •• b-v . >M..fv ^jfT .j. x,. 

,^:Th^e ^'AfiAJIfSi'^i PS^iiiei^Jf.^S &., i^ 28., and iei.,u: tn tmlding 
Ck)i%struc>ion.;^.and,|Jlrl8..ijnJS5achine C One^'fjtihp prices in 

eadb. of ^^ 8\^bjecjbs 4%j(imite4; to first year ^tudpnts. . , ^ , , ■ ^ , 

Th^ 'fMW^mJK&i^ PRIZE ol ^ ia Booaia, ior;.reg4Uto ^ad 
punctual attendance. . •"• . - i - 



ianjpSH'S^PBQHZE MB2>ALa^to alt who obtain plM^ in 

^ aUBEirS FSXZ8S jnify £$ Mdi, ^ a Umite}^ number of thoM 
obtaining girat-CUwf^ aaifiipiiM ift4%^J#fNR&4 stega at tha May 
£xamin£tions, wh<f iiii tkMsttO^j^QUiU ^tSrvlementary stage. 

NATIONAL OOMPNWWOH ^UMBALA u4 BOOKS for 

Ahd alsa for sin^fiGtlCtf otf^^^w^i^ii^aiilfeurdT t:.. ^miaix^ij -x^iU js/ru 




Twenty-two N ATIOiR'iL&'^ SOiEWiABSBDV '^tr^^ 

AJlowanoe of ^WR% #0iipa artrtgttii <i ni i iaii8 nUK /^^lii.^d it.t^y/ uy/oT 



Six FBXX STmSMTOHlBft gmar^Ne admiasion to the 
Boyal Ck)|]«ga of Soienee for thzee yean but without any alkmanoe for 

100 XVXNIl^Q 'f jti^QN^IOMB m ^noe and Technology 
of |h^ '^i^]!^)^, yftlne of £5 eacii tenaECTfoTtwo years. 

to the moBt snooewfal students ija j*fc«iSfi|fy gBi«#]|t% jV fin 

iR0WMJ^ MLmKwr^fmnoihj^iBamufBoifa^ for 

^r^ y«ailHiaiutiEee.instvucftidki«t/tb9 ]fe>tn^»iBe^«iJ. ol^Mmv^fr : . t 

\ jilDtliKmjtAt .' FtoslJB Sstfixript^s^ Btu^^titt^gouth 

Iteusingion Museum; Librimf»an$ 8c|L6o2d/fb/Wno3rtif fi^m two to 
nine^montha Deti^led rtdes dii a#Iibatibn to the i)iQ)mMM''of 
ficienceafad'Ail"' '-''" ^- '' '■ ^- >■• » m .-.-/^ . .-c, /.- o— .^:f -»fM 

I^^ lg;d^<)ationia J^ibr^ andiiEi^ 



. iat &3iuth JSen^ng&n an^ Betimajl„$):etn. to aH dtudeirts^w)^ jbass fn the 
Advanced Stage of either BuhiecK^'.:" ^ ^^'- ^ ^^ ^rv-^ - ' : - 

SxMkHiimM t^ £Sk%:t^EUiyahyMkhiti$imk^jfi^ iftm t^e» iyf§9^'^. l.JTr^e 
StudenUkip ; 1 ^u««n'« Silver Medal, S Bronze Medals,55 piaeafiif^iff^^p^m^, 
21J5; Queen^i Frists, ^^m!ir$trJPiaJt$ Qertffipfj^^^SJi^^ Seepnd'Clasi Certifieatei, 



DrftPin^.^r-^fitiQnal . Campeiitick, ^ ]ir&lMi fle^U; .'' i Ndiii»Uit Jr»)* 
Pm«, i|9 ar&irdf (Jra^ Pm>|, XilSecf^^fir(i^^Pjfze^^ and. i^ iof,18d6, 
jiJ4 .4i4>ardf ^/ jUTariicf equivaltnt to MonombU l^entip^'. l^ey natre gained, 
in addition^ a Itrge number of ^ffolfegfi ^nJ^ Special J^ri^es^anJdCjs^^ 



tt 



•%ViiA6tA tft* ^fiftWFfciB. 



ul «^:q mp.iio Oilv^rJU oS BdAUaiM aSKPHfti^a^Ka^ 'J 






Si 







M a^ooa i^afi ejAaajc^s4iottKHiHXoo oakoxtak 

given after GhrifttmM on ThiuMi^rictaiDiiigBlftlQl^biriWgaia lot &iiU [ J. 

the Surveyors'^ Institution, ikncrtn^ oomiMeCriiSkm^^ 
»e«r0aiM9'O«HOaM«B4le8l'V^^ ow^vJaa^T 

Town Water Supply, Main Btnmm%w1tqgtiBMt»9ifi^9i99^m^Jio doajBvrci:. 



aJj 01 u-.'fffbimha d9il=^am^ 



xafff z.a 



'<ij'4uaUo9T ban sonai 



nd ^practice oi Civil 



lo! dorf«y/olj£ vu« *nof{ ti7/ tod inA*>v esidJ lo! 90floi:.8 loej^oUoO iitv'r 

to ^lU 

)9r|^&^striB^a;8 in 

^^ ^^c, ^ -^ , tfaaf fctef 8ll«toOti0tnay 

find it dedrablti^^ittfiW4fotft%l<W«fe«fl^ f^V^-^hiWK Inldisa-jjija itaocc 3.1': . . 

i.t rnpg^fui^o^!^ ^eteB^BWXift>UHaBeT#Ur9Jbk!liIA««W in 
itself; it<#fli'(be*lbillsi4fMalcltt p^bplBri*^ 
.... . ^. ., _ . ^ . . -. * - the 

»n.of 




,iJ9stitii|i9iii... 0/ ^^^^Tj^gf m^^jfMn* 

The home work is an important feature of the 8YS^fnf,r^Qpt^.a At 
>edTO bring some nome worff eacgrwieeK m 



expected 



^ ring^eomeWme t^biSeattf'w^^ „. 

which are set upon the subject of the're'c'itlrd6.' '"•""' ^^ 

"^^^ iatlj^^^B»b(m«^)h%fiti>b^lh«T8esilbxt Ttiie !$fcaA«ftt»totat[ l]9F'aMlllot 
^* the I^UbS^<^8' t6 "m^&f^ Wi\L iAvi^hv^li^(^tlBa\«0'»«k4t%]SB>4n8tai«ikn:i«l«y 
^Wa^ap1K»^€h8^e6€(li ^^hOBtf<«tiikidi&gir\Atbdbgtfi&:lhl» ■iil^^MttfTar& 

itf*^i{a^?^ffiiiAig-iieoyir.^^^ 

. ,.n. .... r.-^ ---"*"— ^^-fi^WaterwotV 

"* ' — Fier& 

l^iinhelifjg ja,nrf WQfliim.^lngT-l^lMfaey 'Shaf^sl^tHtaWii/ CMiimfts* and 
Stanchions— Iironilodfe--^oaanikkitag, Ac. ' '" ■-•'• ^ '* " *'♦ 



??«iW».P^.<J^^ffif9v2 



H 



.ba at ".'Wdftnx^oa k o'ffMifwtlig to^ifn.H'ffwii.U " '■fl i *fcA gi^;=aagr/;.3a xoos-TxiT 

Pro/. 5tZi;afttw P. Thompson, Prxncipaj^^^^ ,i^n^^.'ff^y^^ f^i^ 'f?^W\ 
Teehnieal College^ Finsbury, 9ay9 :-^ * ' 



m its literary and soientifio clasBes, bnt has a oapital engiueenng otass. 



* * The olasB in whieh Meohanioal Engineering is taught by Mr. 
Henry Adkms is highly popular.— i>a% iVetos. 

rpHE Course of insbru 



t w^l be founded upon such 



JL subjecte as the following, but wifi^otTnecessarify be confined to these 
subjeote:- g^jfj^gg HOITAKIMAXa 

geU€M&uemons+^§ to qesierL arraJig^m^t; maii^g^m^t.jtod-wombg,' The 



8P'8lfiS*ra¥^PwPns.^§ to qesigD. arraJi&6m«^c: ma1iagdm^t,ana'wom4ig,, THe 
fiftW*r«fi*ioikW^ use of the Jnoajrcbmtiion engine* aM^bbUei^fittitii^ 

,^»ri*iff+ W^ 0mw^s4&^^^ Sn;ati(Riig thl/.jf^i^^a englbes;^ ^,!tinl> 



inea^sjpi,oDami]_ 
otHer f oriiis of^tcfol 



-'jiilswoil-i'-I gni') ' rrr .'-jjslti [I jI' 




•BgmeeiiDg .—cast nUf wn>ugDt Ircni Ana mem, gan liretu^ i 

shop testt tor the itrength and quality of matenmiii iiKHj-jmina^' > 

TiZT-BOOK BiQvnsD '.^--Aj^uaf ^' Haadbooklor Jbdmioal SoftinMin " 7s. 6d. 

Books BsooiCMBKBn) fob Rkfesekcb :— Shelley's *' Workshop AppUanoes,*' 
Box's « StrengtlL of VikifinM*VntMB "iBCfcMne DeMjni,? Smith's " Cutting 
Took,-* Vut^iilSmilim^ 

** ThennodyDsmlcit." Perry's ^tssm " Rankine's " tSteam^E^gine/' Wflson" 
" Steam BoUars.'; Spretraa'^ *' CsstiiMraiidFpuiiding;.' Kaight's "Mechanician** 
MoleswoAh'fc •*\Pockfe8^Bo»:,**'»5^V *♦ m^ W^lSrfii*' 'Mftift^ 
Bigg's " Steam BngiBe»" Barber's ** Enginseis* Sketch Book." 



These .books may be consulted at the Patent Oi 



Office Libranr, whicli is open 
^OTE.-r-puring the ensuing session this subject will be combined with 



EXAinWTIM RESOWS " - ' 

;'! Obtained by S^udentp of the City of LortdoA Cblteke. ., 

In the 1^84 Examibstion, £15 15fe. prize and 4 plaees. 'Da JSSSB^he 
£15 <* Institution" Mze an\i£I5 *^Di¥r«ir'' Fsize.8^d9{^«eB,^kdfttdikig 
the. first, in .each snb-divisio;^^ In 1^86 ^he £15 "Institution*' Prize, 
and 10 places.. InlSa?. the £10^,108; Prizie and li places. Jixl&SB the 
£15 l^a. Prize and 17 places, including haJf the successful candjidates iii 
the Builditig sub-division, and one-third of those in the Valuation 
sub-division. In 1889, the £10 10s. Bpeeial Prize' and 14 plUeJs; iiioluding 
4 ouf of the 9 Ff^:wr8!iips, In 18^ the £15 *! Institntion '* Pri» apd 21 
places^ indndiag FeMowsbips. in 1891, 15 places. In,^8d2;tb^ £10 
Crawter Prize and ^2 places, including 9 Fellowships. In ld9i the* $15 
''Driver" Prize and 14 places, including 5 FemWships. tn 1891, the 
£^6 Ips. " Inetijliutiow '* Prize and l^ plM^ inplndii^ i FeUpwdupa In 
1895, 17 places iq^lading 10 Fellow^lps. In 1^96, 9 pl^^t^^ing 
4 Fellowshipa, I^ 1897c tbfi *15 "Wver" Pnae^ and :peii!old feUver 
Medal with 8 places, including 1 FeUow8hip..;.lnl89ff the.TenfoM'Gold 
Medal with 11 places, including 6 Fellowships. ^ 



suRETORS'" nrsTprerioi 'mMnjffloiis. 



"^" in tfiiB coiiriw'of jt$njl4ec|uifQ^^utf^^ 
stQdentetogetWpi-aoticaigraspor tW'd^^ tni^mt^ in 

. AD VAN;CEP Cp.U,RSE.-^LE NT,TE RM 
Institution. .iitfj»«2l4^fcWi1^liiE2uiAt»Me9 wM©0H(|4^1wi*k^)?ft^^iQ»<^<>° 



practice of professional Quantity Surveyors. 

— -?-L(.;.' iiv-. .» --f..-,.! ', ", '[[ji!"'i^ ^','ip P .jjtjoi ffoi;;-// Tot *»r/:-t«:»T - - .1 :-:;:■•: .. > J 
~8kodenis4(hculd^lHi^e a ^pneckical lEBOiiMe*^^ Biiilriing-flwMtfr«ioti^ ^nal 
ta, Atp4^4 ^« BaMaeitoyJ ategba<ifc-<)|teifiBlead8ifeiMmoiM^<^B^ . Q^^ions 
atad ' IA^«idl4s- for 4Kim» ( wctk- . •i^TO]^liei& to c<pKlwtiN»/. iri»^tfb9»ls iia ^king 
off'tABAi: Mlb]g^^Mintitie»-sik'|irop«r fonn.t oZTneotofffln^nv W-l>4^ii«i»i}ipon 
p^peH^i^uleidrj^iC^, atidiMcftitoBi^to belprukliiiBiti^tstiiftrieAtj^^ ^A 

* Text-Book REquiHED ;— Leaning's " Quantity Surveying " (Spon), ISs. 






/BbikUag 1 Aets," 
dB. 6d.; *' Estimating '' (Batsford) 'eift>.' ^4 ^^Ma6h?» ^ BinBerB' 
WojcV! c.lfifliv/ ^«W)»f> ;^PJi*; ^ pontraot.DocumenJa? (8pon), 58. 

^«i['B9^,of;ie¥^ls;SfiBte'^fmi !>y «i^^^€Nrt^^ the^^eg© to tbe 

slAB^i^'Satt); li^vfog 'i-^gula^ty'lBrtfefeiided^tii^i|«;Hui^ dfisehe^QurMatiMasion, 
p^a^tf^^^t-cfifamitif^i :^^HffiiMd6^<^i!^tfa^l^iia«f^Ml'«Uftrb0«tB9ded. 



16 srausBiw "T)F "xifct uBSrir 



SPECI4X CODBS^ OF LpcTUKES 



SDBMORS' MmrUTIOH^EXAMlHATIOHS. 

LBCTxras 1.— Principal ases to which valuation tables may be applied^ — 
reqniredl)y surveyor— Stamping a^arSa-^Sxamples of ^ftfiriOTS? 

Yean' parohage-K^Mil'1fii^^''M£r^'fidf^iE% 
valna of covered and uncovered land — Agricnltnrai land— Accom- 
modation land^Bngding iand^ iiaad iinl e g g eleeting land for 
development— Comer plots — ^Examples of valuations. 

Lbctuxuis 3. — Reaempubn of iand'"^tai--=How t)rfce is niea— ^TiAe 
commntatiqn rent charge — How valned — Relative cost of land and 

" ^^h6deM^Aijfaftl^^69f ''M l»ti]Ml$(»^^^£^bk)i]rof >b(Ntfl«i>iM6aiaflie9 
^'£i&i:h£)le'ofWtliltmfi*«f4atid'J«^aw n fUiuu.il 

Lecture 4.— Terms for which leases are usually granted— Grown lands — ' 

'' Cftif (>f lL<E)ttd^4^^^iLMtf-ihFfDJpali^^ b^igEOi^ ]WDrtJ>t».,it»«k>^MnlH- 

"' to)^roved'<^imdyantetf<Jqto^jpr<ton<|.iBS>it»-t» huMe>»^ 

" Ijegal diaygen acdrsiwpips tei:qqirreywiGto>«n«i ilefcsttS-^dedvfiticmft 

'-' i frdbi^ross^^ v«ta»^iov<Thet.(ianfauAlr >«^nAi~^teO0aif^(i.4apiotMAtfl^ 

Allowahae:lior«blitplAKtibsB4tj^£jtam|ri«i>f 'AAlbaft^ ^i^pidar, 

tions have accrued 

y '" -'"^'^ )^i'^:i'i'^y \:}'^^^^'' '*^" ^'^\ . --v ^i'l -or. { i^T ^' 

Lectube 5 —Rental aepenamg upon cost — Apportioning rents— Rental 
'.^iL:ihxe»'$€ma^^\9^QVB^m9i[y^^^c^ of 

- - : . ifalpIOvett■D^8^T^SitlJtlg .fJttt .♦s'^rtftjd i^ptr^^ 

s i.^aEcntinplejfcblADttBfid vat»|iti<|9s. (moWcH • ' :ju:jriirnij«a 

tiECTtRE 6\— Dfttereiice ^twje^^^ if^'tfcwi^g^ U^w.,— 

Fine on renewal— ReneVar of Ecfefe^mstiS&l^ k*nd'<?ft)Wn'^l«Ayefi'i:^ 

"' > kiereaser/.-of utjeuli o^; -r4?iaw]^W(Hdn^«i5BW^ .^^ j J^^ 
i).if>perpe*«]4lHwHn»«5K^-f^^ 
to return high percentages. 




liBCTURB 7. — Life tablesr-CompanBon of |Torthi|ix(£^qi}, Parliflle, 
Gtfrernmetii, London, ind ^R^gistrar General's tables— Valne of mt 
estaitJb yniih or withbnt Ufe Jwlicy— 4:iitonitxeB^piifei'ei?ti tables used 
when^pnfcbtftiin|g[' aibd ^hen granting an aniroity-T^LeaseB beld on 
lives^ Joint liret^Gor^ponoing leadebold terms— 'JSlpectation of 
life in absence of .tal>le. /^' "' V -j . - . "* . 

XiBCTUBX 8. — Xteasehold term corresponding to life interest— Comparison 

* 6f leaseis bb stni^e Ift'eA andjoiiit lives— lleversioh aft^r^a given, life 

of a lease for a term — Examples of reve^ions to estkties held on 

livi»7T-Sefl!iewiUsTo( loaies f qi^j Hvwi-^^Xablas used by- life assurance 

(Mo^.iioK/pvsmjffXBm: ,.MiA? anmutte^r^SstimaAiiig prsminms— 

.. , yalniogiie^t pseswiliatiQfti^^eolAiiiiitio^ 

liiOTUBH 9. -^Valuing shd)^ ]^'pefty^Cto6d^ll— yalniiig public houses— 
Oom^ulioify sales — Severanceis —Allowances. 

XiicTUBB lO.-^lAjialysiB of mart sales— >Prbbable market priQe-*^Bate of 
interest — Beservc) prioe. , , ^ . .; .;. T 

TEXT BOOK&.^''The TabW in HmW Arehiteotural 

Surveyors' H«ndbook:' ; (Spc«D,:4s. 6a,K>.* ' HMMr*t Ditapidatio&s" (St. 

Bride's Presei^- ^8^)< ^^H^imk'B. .Hai»dbook x>f. flofts^ Property*' 

(Lockwood, 3s. ed.) 

. Gompensatii^nt^ . EnfranefaMemmto, Paiobhial Amesment^ 'and 
other specdai brmcheaby private i^itioil when desired; 



SPEOJAIi COUBSE OF LECTUBBS.AND ilEIdJ-WOBE 
INCLUDING ADVANCED WORK 

" '* IN PBEPAKATION FOB THE , , 

r- SORmORSV fflSTITimW EXAMlMTIOilS. i 

'We are glad to see that the clas^jqf this abU lecturer « m well attended, 
as v>e qre in^ a position, to speak Hf the soundoMSs. ana Clearness of hi/s 
f nJtr^ctionV— liiNn ioENTs'RBCo^ ... 

. Mr, 4dmf\ ^ i<fng #n7oy^ >^ ^<^ re^^tatlonxm « Arstrciav lepturtr 
4Md imtvifistori.mid venty ^otiy mem^s oj, hi* classic havef met yfith^ great 
success, — Estates Gazette. / ... 



Li tfaiKionne tiiia^work' is aimnoiadfled, so that the whoke gr<>imd.may be 
^vered h|.abotit ten weeks, froniOctaber to I>ec)ember. It is more «i8p9cially 
jiddreeted to l^e nqmreipenta of th« SyllibiiS' of • Ezamiaations of the 



1^ d^s^itAkttb of'hkcrvMd^ 

|9£rVey6r8* ijp^^SCioo^^attd t^»> Xpbti^^ jLastiWi^ii and }» 9M»^ 

iooae etudonV jerU^'^u^ve abc^d^.qomejmowladgtt a£tfie subject, Sin^rs are 
x^ecopmeDded to tak^ the Qenera.! CpurBe d^tail^ ia the-^i^ ^yQabiu- The 
lectj^ree ar^' iHustrate^ b^ oyei^l^O, Urge.|ic»le ^M'lRr'^n^s <nM<naU^ di*awi» 
4nd colourea, uid the number of instruments us^^ in t)ie md is suited 
to the attendance, all students obtaining a fair share ,dl practice. 

Theodolitgi^Xtevels, and' oti^ j|isti'umen^^^9 Ji^t.ibpkjf^u^nis^ pnvate 
praoticQ at .a,KLoder9ite'charge« ' .. /^^ r. : 7 

' and: oufsuxacfciAa-rBtendante bf . (iKMasiystoeiilK^'Mettuinn^ »s€Himents — 
Calculating a w M ff s bi irti i i g Mtt imribttg^^iPttiMliig and «ia6'<^^«oales— 
. 3ase Unes^MfignetiQ rbeafu^ yui(|ttr];^.^[p^oi^-r-Tie -19)4 ^eek Im^or^ 
Clunter^s chain and i^Qj^rr^tiii^y^]^gla^Wi€^ ,bo9ks^O0sets audi 
ofiBset staff— Ar^a of o^t pie^e — Kzamples ^or entr^ In field book and 

•• 'plettiiig-.- • '^""- •■' ' .•^'••.'- --• .;.'^ 

Lecturi 2. — ^Mode of surveying for area only— ^-liiset piec^— Qjre and! 
take litib—OlAkal square ^Td <^8S utaff.-x^Uti&^iott aS^«lb^Lin» 

. ^ raiiger^4^«rkure of bovaidaries^ how «hewii •on p1air-*^6%tinning ar^ hy 
y etfuJOsing^ lines, dividhig {A^^tp inte ti^ibg1es^Bziitn{^» for plotting^ 
and calculation. 

l4l»TUM..^<*^Tn^<^^'oiifitnBB'<of elKBi. aarteysior bpen.laf^^addir, lakes. 
&c.->RepresenUtic»of teoto u|k>d |iiii>iw '-OtaitrdctgDns io oontintitrtioiMi ^ 
chain line — Measurement of gap— Areas by computing scale— By Plan- 
meter — ^Field notes of chain lines (without oflbets) from seyeral Burveys.. 

liBCTUBE 4. — ^Various systems of projecting plans and maps — Ordnanoe 
survey— Surrejing oyer hilly ground- Correction f 91; inclination, how 
'laonde^IhdicaittDn 'ol hitiy 'gk>UBd' 4n ^Ikns^-^fiatftrares^ -^akd cblitoiHr 
lines — Clinometer— Setting out drainage of new estate — Preparation of 
plans for Tith$ Commission — Field notes of survey of small estate. ^ . 

Iftcartt^ f.^^nkon ^ JeteUinrfVJJaii^ifi'jlttei \}e^ lineC ifc^sojltal 
- line — Description of Gravatt's Buinpy level, Bunder's Dumpy, Y leveh^— 
Temporary >iid' penpafi^t s^jut^Svants-^Level : 9tftlMCklivature and 
refraction — Simple and comjj^vind levelling — Questions for home work. 

Field Lesson^ 1.— Cbain ^^survejing-^i'hrowing chain—getting station 
poles, ratigikig :lin^]^akiijg 'bei|j$cig wiili ]ppcikt\ <)qn4>a^— Prismatio: 
compass— Chaining lines — .Use of offset staff— Tape— Cross staff — 
Optical s^^tre— Box Sexta.nt— 'Whites. ^ >. -.^ 

X'bottjre 6.— ^ench markfr—Ordiiance datum— I'xini^ datpm— bxdx^ince 
survey maps — Level book — Field' columns and' plotting cotumns — 
Seducifig' kvehr-^OheGkitt^ «ftch 'p«g« by totals^Fleltt notes andl 

^^ rt»mark&^Plotti]3^ - seetibris^R^Beet^i^^' lev)»lB^OtoiouH^g— KoQgli 
levelling with Aneroid Barometer. . - - . 

Field Lesson 2. — Chain surveying Otl hilly ground — ^Use of Surveyor '» 
- oaivl-^-Peptractor and |Aniii^b'*->BnDna|^ >ieiBel^<^<]8JkiottK(tep-<-Sbepping 

/ < witih Ohain-^hainiag |MhiI ebBferaatkmi*'<'<Settin9/.oiit ngUi^gle with 
.chain«^Use of -common fkleothig level^^AJbaey's refisetisg'lenrel^iAiMroid 
Barometer. 



tWi^^i f.'^k^\\i"''f^i^¥i,mm^^ tUM^JijbihMt^Q^tA^ -^ and 

^''J^' 'm^e'c^ ;takibgf liorisso^tftl' mKcI v«fti^Ati3n|tk«ui)Q(tMAfi«tod^ >!(»: Ibonie 
■"'; worfe ^' '''j^' . ' ; ., • • -i' -•-"■• •''-''.; ^^ --r^. 

^, Levels— ReVI^ng Staff -Taking ruanihg' section 

^ „ 'of route—OrdDaiice benbli rii axk»— Mnras * readi^-^Tt^' ^Kblttial — 

:; &mpms^^ /'■'" ''"' ' "^.''|\- -.'•>«}..; ^%,,;n 

l^|5^pi^Bf.rfCji^ in/i.whjpl^ the theodolite is usefulij^at^ejia^f^;')^ the 
... j(>pf;j)8i4\jj»'ariqg^ — ^Bj .'wie .back au^re-7'By . t\vo sUtiona— -^ftnlatf^g a 
//. tatfe li«e'— Field aot^'forplbtliag. ' *'')/"' |'t ^7,.! V» ■ 
FlCU) JUawN ^,r-^jEt|^p44i^. work— {Setting '{^ ani a4|ii#fing.'jtheodolite 
— Taking bearing— Reading horizontal and Trerjical an^^e^-li^Settirig up 
■ over a given station — Taking angle between two lines— Traversing with 
;; tMyd6me. ■ •-"■*''t|>-- • -' - ■'.' .-•■ M f. ., , X •.„■ . .,^; 

|i|CtuRE 9. ^jjopying 'plan's by fric^ing thrdtrgh^ arid thiAsleSf -^Bnlarging 

and reducing by pi<oportional squares'—Use of TH^ngtiM and'Pn^|)<)fr4ional 

c6m|>akW— lisp an<iadj ustnv^nt of BWograph And P4i8tii!i^rtpli*-iOfdliance 

•iiapsl^ "/'[,"' ' " '■ •«•"••'.. "..•..•I .'.'./.•..■.'.,,»' 

L^qju^B XP*~Camp^ Traversing— Railway Curves— M^i^iie Surveying. 

{TwiiDiliSpsoN: 5.^(f4^ 6Q, ,(4u^i^ Vjotoria Street^ on tlie; B4turday preceding 

. the Sujn^ora'.lQfititMtia/KxannnaUon). PracticaJ use' aiid adjustment 

<rf Yemifir protKWtpr^^.jboraputing se^Ie, Jf^nio^ter. rJEidograph. and 

r^Kurfio^);.. inspection c^f Instrumei^ts jised througliout th» 



Paotogr^liihr 
qpiirset 



^HORT AOOJTIONAi. pOURSI^gl 



MEKSOtUTrOI, TRICaSOMEIRT AID TIKBER mSHBISa 

WHEN t>E$rREtD. 



■{- . • -I ' • ... 

GENERAL COURSE OF LECTURES AND iEffiLD-WORK 

■ -^ ' ' . .... m ,. ..... ,,- 

b<u t!Pa*fc>I.— CHAIN SU«IVEYIWO; ' (Ten Xieotore^). 

3ti«CTUBE 1.— In tifodnotSon-^* Scope 6t liBotxJalM'-^Vti^ of the term 
Geometlry-^Di8tinction'))etween theoretical; "or ptite g^&oM^, and 
practical or applied geometry— Prtnciplecr ttpon Whj^ Liibd Stirveying 
is dependent - Piffereftce between old system of 8arveyin|[ tti»d uodem 



to JYUUA908 qv X^BOmRWU 

ofliM i^nd. HffMi wat^ir'rQijft fieH^n^M -ptobloiaB k|,pr«cil^ geometry— 
liinau; jcaM^i^miMat^Qntish, siaAcUrd of Ipiiigth^uiut a4opted 
Yuies in certain oaaes — Table of Linear measures — Square 
measure ^nit/^Qptedi^meMuringUl^d--TaUepf89U|uemea8Tlr^ 
Form 9f^Wqrkins^ iu, QaJicalatAog »reaa--Poitttiiig ofiTr^Kdie for area 
ofjcectangular ^nre-r-EjuunpIe-rJiaLofQr-airea of triangular figure When 
base and perpeikucular are given —Kxample — Rule for area of triangular 
figure . when ^sides only are given — Swampier— 'iftule for area of four- 
oaed '^gnrej having two, sides parietUel— K^ini^Ie —irregular four*sidtod 
figure divided inio two 'tnangfes bv a diagOpal— ^he sauie drvided into 
two triangles and a trapeaoid — Kzample— -Method oi^ tabulating the 
working-^J!)raWing to scale or pt6tting->-0esciription and use of 6li4in 
BoaleT-Becimal systeiA. .. ' ' '''•''' 

LiCTuai 2. — Use of measuring tape — When desirable — Precaotionji. fso be 
. obaerved-*-How i^igles are obtained—Fraptical example— *Tie and Check 
Lines^pUing^r^ All work, muJst have tie lines, and the principal parts 
. . abfckiipes i^ addition^Rnle for distance of tie line from angle— How 
tape measurements are recorded — Gnnter's chain — General description 
of its ns^7-|!ie)d book, how used-rMe^urement of straight-sided fields 
and plots hj base and perpendicular . of coin{>onent triangles — tJse of 
station poles — How chain' lines and stationskre indicated infield book 
— Ofi'sets — How, measured and recorded-^Yarious methdOs of obtaining 
perpendiculars—Practical illustration lefbfbrfield'Course-'-ConStriietion 
of optical square — Entries in field book— iBe^fuig cff~i)Cti^ line— ^ne 
north and magnetic meridian— Variation of compass — ^North' point on 
plans — Examples of straight-sided fields fh)m> field notes. 

Lbcturb 3. —Importance of offsets being correctly measured— No check 
upon them as upon chain lines— Secondary lines of survey should 
apuPQidmate to all boundaries and divisiona— Lengtjki, .of offsets— 
' Omiet' staff- Older df working in .plotting :frOm fi^ldl notes— Use of 
offset scale — Character o£ outline f^r-.bPji^idary — Area of offset piece 
— By tabulating area of space between each offset — By geometrical 
casting — Example-rBy equalizing line on tracing paper — Example- 
Equidistant offsets, when used — Ordinary rules for calculating area 
—Improved rule and formula — Example— Double offset piece — How 
calculatea-^Bxamplei; ''• ' • ' - i -» -i): ■•«"/.,.'./ : .-, > 

Lecture 4. — How various boundftHes are marked — Boundary stones, 
', plateaavd^mai3t8--B»jldin|[. plotq— ^arty. lf^, be4g«s aujijl ditches-^ 

* '. ' Why hed^ is on inner Me of ditch-*^AUowiuiOe fot^-widthjof ditcb-^ 
Fence boundary — Nails^ driven home — Afarking owner's side on plans 
— Conventional signs-^d^e plans 'and^nished plans — ^How each is 
prepared^Estate in det«^fabaVpoiXiaki«,'haw'|}l[}ttlBd-iCf)9|B}lng and 
le<^terli^ planaT^Coloura fc^r varip^s objects au^ m^^nsls— Marking 
areM"Ou plans -^Surveying .a three^jded fteld— Jiaying out chaib 
Jines by., stjation pole%— Cheok line -Order of measuring lites— 



obtained— Caaj^i9%,i^ *akijigp,arpaii^,(^ijj^tiw,5y any inset pieces 
occur — Knmbering the lines, nsnal pla^'tn chain surreying instead of 
~ "^ leit«ifBt#'ka«R^0BMffH«|^ 

'-^^f ^kf^o#«^4^aV' ^oi^Mne^if«^«JOf Uim^cOla^ lU^pK^i^Fi^^ana'/rheck 

'\\^&^sU^A^T^^'^i^^'^^^mao^f^ike»^ how 

^'^''^yti&mim''BMh^m-fP^stt^n^'Ha te0B and close 

boarded fence, how shown on planflp4l#Agi»', te^^feiO|KaJM)oloQr of 

ly^jiJ^ 6;r-Seifi%fl0'^ or ranging 

tli^ poles— Si^tidii 'nOt nedeSsakrily^ at eitreinitj of 'citiaii tine-*^,9hed8 

and unimportant buildings taken by o^tti 'an(P&ft:4fB^in Sl^eblnmn 

' ^r! u-ioiiftiftiffiiedaio8Bia^iMMi<ijazid fobtpafl^t-^isiBte^ sijKtiiaikg. marked faf 

' i>wltite»;^4ntt|ri1a|r. Aro^sided fiM^'^^Ezatij^pdb^rr-tepoyiMApe ,,ol neat 

draughtsmaftflb^>£»<(Df9*MV6iiigiwiili;oliffS^^ 

jyW«®«-ILa^-f3^^iW^.W*HWP-X>f y Wr^l«-^i<^N^'HP'^ .essential unleas 
unit»MStti'J[i#iBri,di^ifes#tly ^Jf^ ©•S)>;ffi^|M»rj-.fioj^]ty?^ 
^^ -r Qft«r3*f|fila6]ft,^«fl()«[ ofei4!FiT-^H''^©9» of %^ f^^i t);l«^.,ar^a alone is 
.'^jiju^sqqlAdbPit^iWbfiiititf siB^f^yj^^ RQ^^^^l^l^^jlines. (without 

offsets) from several surveys. 

Chaining outside boundary ^\^^jb^.-^re difficulty than inside, because 
, , of hedges, fences, ditches, &6'., to cross — Typical chain lines for surveys 
^•H"oti§}d3g[^Sai^ii^iJi^ ofiS*i*«|t>'«if a-lakid^I^lBtfri^ 
•y-^'^ '-^JSartos-bf a s\ir¥hf bf-fe'4f«<jd^tc^ipi*i^«irtatlw W^tawi^f u^ 

— a^.ji^ -:■ M-I0J.i.■'^ir.o :. y -yt'.d - ''*• -.- zmU-i^ '^ i aoi unify- ji : i-->;-r: ^■. 
a6«crtii|jtoi94«iQbfte»cti«©ij.;|fti^i^<^^ up 

'--anptaBpen/^Tf^iSirw^ ^des^n the 

MO'i'ipn^ptmobb':iBS..Sk4vm^ ffbTrS^^^yjge^. ag^gje ^p^}>-. J?.iplir the/;rchain 
-:rjoqm4toftnrf «ic9ddftg-^iMa!>ob9it^0()ti^ ft^rtT^^^V ^ » 

lake, stream, Ac. — Another method — Additionar precautjpi^ wH^ the 
yiew is obstructed — To n^easure the distance of an inao5e8sTble point 
'-" - widtji'o^: river, Sit}.— Tbcoiitfeue'fcbMn^lifre 
j^'-^crOs&'staflfeliJx^jnples:"^^^''^ ■^^- ^-w_ -^.H:..^t --^ir^^i - ,L,?^ .- 

flimJ^v^jLlftn^PrJanftrffid jwap^r—yarif,!?^ iyj^^p^ of ,j)rojeotiQ^-^CTirvature 
- o of H»«y{fWrtk JiPt . ^©» : iii^7fi^i*nt ^ jn ordma^ surveys -^ Ordnance 
^... si:tfvey |«i%ps-^?nrj^ji^g oyer hilly .jpjuji^^T^qo^ep^p^ J^r iujcBnation 

— ^Why neoessary — Table of reduction m Imks for various fitngles of 

, incliAatiop — Mode oC indicatii^ hilly ground on plans— Direction of 

'^•* *^ ^fchitfesi^titotii* litf^— lff<^'##fe4ndtr«»tea6fc^iAiw &r:t^ 

"' ^''prep&HimM)pVvm'ioT^^ of survey 

of small estate, tO b\9 J^WttW. ^'u. jujai ; ;i£ -;.,vAi ^,.: ,{- ,,. ,.^- 



'^' " • C<tomencintf»ftex*'Leoltir^6, Part'li' 

bMe mtOt ttoiM itOT l w ^^y 4xnmdaria# . li^d^i tw.4iqfi%rr M » Tiring 

FiXLD LE880H 3. — ^Laying offset staff perpendicular to ofaain — ^IMiibriDg 
field pookT-Connectiiig adjacent offset pieow*- 



4q offset ccuamn pi fi . 

Trar^Nnuxigwi^.^eobaiA. , f, . ^ , , ;^ 

' liiieB--IilMl»;4(>-iBasglB--<4Po«ifcto and .sias o^. IsMHid-4)b!lMiAsd by 
'tangents Mto;itettdite--4Jiiii0tiQ».l^ ;:}<.. ;/ < 

FiXLD LBS80H 4. — Survey of open land intersected by foo^>atfaB— Parish 
bonndary-UOffii^ft taketo' byrrtape-«<4a«ttS6g inp- r^t angle with 
the chain-chaining past obstmcttons— Detours^ yarions modes. 

Tvti^ Li:'dspN S.^Buryeyitig on hiHy gronn^- Jn9^^^f»d O^-fafl-^TiMig 
fisine by protta<it6r and ^Itltnbob—IHted bjf^oi^^drMicatd-^'^tto 
by dramaige lev^-^Dxtto l^ ^hotefelti^' <toBKMisa**^43l«rafat^ with 
chain— Survey of -poTtioii of hdfi inoTtidillg! im^wieiiBMiov^thB. 



;*libSirotii^/ ' '"'"■ •'•'•^'••:i'^'i::-.K) 



LxotimB . l.*-^!iIntvdduoyAa-— Pefoitim of .i^i^^^ Ime— Dis. 

.tm<fe^e«^betweBii:lfliialandJliodjH9)^ill-t4^«^ti^ qf.^.if^^^rsuifaoe 

—Description of Gravatt's DumpyvJt^^!;peJ^A^^i^stp»ep^ 

of iising-^Descriptiox) of sliding staff — Effect of curvature of earth — 

Correction ' for IhfB— (5or]<ifd^bn ioT' )^fracti0&^J^^^f>ii^t'helght3na 

V ' Actual heigliibv^^<^t^ ' fbr jf^drnttskm ^ ^ aniy gi'mb obserjvai^on— 

' 'V^'hen correctioitli aM nMetaaryr anH ^how- 8^oided*«^£rinv{from 

' oxnidBibti hot a^^i^iable in'orditibry si^hts^-^dfaaiipls todroOoDipound 

' / leVellifag. '■ • '" -'y. -i. ..*•, -r. I . •/ ,rni".->r. M-i,.: 

XxcTBXB . SL— O^^n^ncfi. iSu^y n^^aps-^ Qr/wanee.d^ui)i;^'l'»nity ^tum 
—Levels— Bench marks— Flying or runnijig ^vels-r^heck teijels — 
Final levels:— Main section — Cross section^Field notes in level 
book— Back, interm^ftte,' 8&iiJ fofe si^ts— Rise "^i^ fall— BediMieQ 
level-^Heighi above base-^Chefe^ng by i^italS^AlkWtafcfe ttror— 
^Distances— Cbrrec^on for Hnolina;tidn, Wheki requi^enl r^ Plotting 
''.'sections.'"' '"*..' ■ ' ' •'''--^' - *" '• '■ - 

'- '• •; "•■ "'''f- • '<'..* •. 'f -.• ': . .'■ J.' _,i,.. • , . . 

^UMJO LaaaoM l^^dCinMeVMitifie/M^flBttii^g^paiiaadjuwtii^b^ 

ataff «a:)ehM4: «id(i<(NAg. fl^t^-^ Orffaii^fse BondiL n),^^^i^:i^a^^ in 
taking flying levels and returning to .aam^ Wtf^A? 'UijT^ , . r,'. ^o 



FxBLD Lb^sou, 2.— Taking i^imnii^.leyeUij wil^^appz^)?!;^^ 
■~ rdtit^I>i»tan<«>8 . bbfiiinea' bV pac^-rlf inis^ r^jftii^fl^Thur^ de- 
- " cizQiJ; bow itoaH'Wtth'^Gc^PIMiBdn' df't9tJN^« 681.9^ fi(tnd^;^1^ eutonng 

.^?-j^f.' > ■ .... <- mil n ••■[•> ^irifri.' ' ■•-*• 'i -" 

The :^ld s|r<^4etta4;W;,^)^9i^u£4f[(ri»|iei9K^ TansM'pktteS'ia tU 
"vidiuty of tjQOi^n,. i^ciQorcUilg » |)9 th^p,. . oii^iwA .«t ftkcb Ifiaofe ) V&m^ the 
number o^ the, 8t^4^]^jj;eip;f^ 4t^(4W»]B!l0«%dd»tiqMd. ibstraia^^ are 
provided, <K>.tb%fe.^ n^y^j^yeAjtw i^iwg^pC-p il tf lto t^ -r:. w ■ ;. i 

Fee:— ISs. Members, 17s. 6d. Non-Meinbers 

iMrjeadL p4rt.ol:^th«(^co4iTOe, UidiidHit^ lise ef !kifiH$rcti^^td and assi^tafit, but 
exdiuive-adti riUw«9'' iiMB. U ftrep g ynt etit -1^ niad^ for the three parts 
-together, the fees wiU be 42b. aad 45t. respeettvelj. Uladfa student will 
require a Note.^^ook (^ncLh Field Book (^dJj.Le'vsQl £|epk (64,) ; J(J|iLveiE^ 
O&Jh Scifle'and ^Oifiet '(^/«11 ik yMtA. can be obtained In t^ cl^. j 

The periods of meeting are approximately as follows : — Part I., January^to 



unless a studept ^g^^t^Ui^.^W»fn^M^t UftfShouJd^^gif^ enquiry as 
to the .later da'^s/ 

k Bdse of £i Is^ will be given by the doverning'Body of the College to the 
student who» having regularly attendea^e lectures and Field Work of the 
cuTTent^e8ai<m.pss8es.1^;^,;^»^J^^^^ ^.fl^rti^^f^j^lQll^^^gnwiefrTOB 

«iB0 be awarded. ■■_■ " \ ^ \.7 \ . -. ....« lo £, , .:?-■' . .» •■•'■•■ 

M^1^^^^a(Mfti^'ct0$Mhg to attend ahj ofWe'foffowfng Supplementary 

, Catfw* i^hQMld.m4 ki tt^MfmMr i^o Ut a^mftut tfw Meet, id 

order t^at the, oeceewj^ ^rraa^imnte^ my tn^mssde* The f^i for 

.-' V Jf^^^i^^.P^'i^tectt^fhe .,. .: .. 

Part I.— THEODOLITE WORK, ELEMENTARY. fTOree 
,. J46iMJ^Q^^l^aBuX, Two rteld, L9siHcqis)*r > -^ - t :/4 

tMCtWK l.^i-4[nfarodtxction— Principle of Tl^e<)4oUtQ<— ^i^ipfjf^i^ 

Theodolite anrveying and chain surveying— Angidar measurement — 
Potftfi op.aaigl^— Unijipf ixMa9i«^i9M^t7-<||u|;h^f»^io^^ 
<4xcplBx, s^su-jDiiQUJLar, and rectaiifflftuBji jC.ftngtmgte>a «f iHYttteiotora 
'■^^q9X^Uohoj;dB--(ion9W^<^^fm'f9'^^ or 

measure an angle, with a protractor or scale of chords — T^rms as^ 

. i3 r isL ^iiQpotion , wil^ iiMglM m4 'tteiaa^ei^lV^firtQiiii ns^f M pkip^e^&k 
of angles— Principle of Box j^^j^^impwii^lSDnplijswtwn. 



' '' CpnBtrnotio^ 6f tbeodolit^^BettiM^iif) i^d adjoa^ixtgTrXihiang mag- 

^"^iicftio li^fitonc—Revirfe^ bearing— Twang horizon W angl€»«rfep®**" 

ing the angle— Tftking Teitioad angle8--8QrveTmje b^ iHe cQmpaB» 

beaiings-^By ihA bMft «n)^»i^^Sf «i^tffktt<^ Bitnrer 

from two stations, indnding chain linee and offsets. 

LftnmBK &«-»Oaflei. in irhkh 'Ifti^dB^ fii '"teijtited^Btine^ijpig by baiCk 

■7 mn^efj-EiBtaaiple «f tfarvey6f4ake'->C)^eek tfpott'an^es 6f a closed 

• . tgaflR w e'>'* J BxaMBpl» el sttrWf oi^ rdadtihrotigh^iOrtlst— Check obaerva^ 

tion to a previous staiitM»4-Einimplebff 'soM^^^of^rif^-^Giaetilation 

^**^"^. ,.:..oVi .lo.^-: • 1 --.i-'M .-.v--e ' 
FiXLA Lesson l.~-PracJliioia.wockui<B$j^1ito^!lpj^ ThetCMhdite 

—Setting up pv^^\give9 i»^tioftrr-Tatog Jumriipg ol haee line — 

l^Readiugandes'. ..:. , ,.,,... «, ;.'i..j. .:• ■..» .; .-y -■ •■ -i 

MsL^ lisssoir It-^Pr&oti^ In shryeiriBg bv l>^ck4U[lgUt^%caveiBLng witk 
Theodohte. '^ ' . ■ fl*^/^' ' 

. Fart H.— THSODQI^ITB WORK/ TWI>OK01f£TItI0At«. 
'^ ^ - TInree Xeotured ftnd'T^o Wfeld Ldisb 



Note — In this Coune it u a9fumedfh(^t itudfintp lu^ve^fi^ prfimp^ kt^imhfif^ 

liipB-MrtTK-i^t^Dk^ttiiiiAlition iind ct/idparison'Of angul";^ magnitiij^je^— ^eaning 
of term ratio— Definition of the sine of an mg le — Trigonometric^ 
functions and ratios — A8i3istauci9 derived from mnemonics — Complement 
and su^plementjjpf an aj^fl^t^-^^lef^A^ the ^.seog^^4^g^y^j^fijo^l^ 

txannet S'.^-^dbiBtpaction^bf Waifth&s-^Base, inD^ ;a^d 'n^tUsa^— ITse of 
"t- ^ legairHlku^'^ti^ld(H-4fdlti|moHS^n^^ diViHion, invohitioli. evolution by 
logarithms — ^Table of natural sines and cb^es—Table^f tangents, &c. — 
Examples. ^ ^ . ^^ ^ 

Lecture 3.— FormulWlor&dlius andUJtiiiUt^^ lelel and sloping ground 
r— Accessible and inaccessible objects — SketcEes shewing application— 

09tS!*™pI«*-> : /,'\ :. ■ 'f.^s'K . : r: c vr y.TiJoao3HT— .i ti 

Field Lesson l»*fiS^fi]fg^'orf^^l*a8e Ime dn -fevfel ' j^o-imd^-Observations to 
various, dist^^^urch Hipim.--0^cy^^ distf^^cesp^Jf^g^ base 

^' '*/lL^e(ne«il'feiangulation'worK. '^'', r, . ./ V.*/'". 

SIteU) li«s^N-fi>^Set(ihig'"5ut-'BftStf 'Kne '6n siting gx^tirid— ^Khg'levels 
>T' 'jinilh!^beod«lfte-^l«6fe^va«fert^f^'h Stnidfureii^Cnecking 

ic 'by Seeond sctof obseWafifef-^l^rtt'to b*e plotted'and calcvdated. 

F(d«rr-OneiGruiiik*aVfei^>e«sc*ilp«iH -€f!n^ly, Of Onte-And- 



stiiirBtr^ 6^ LttCTtrifes. "^^ 







Lecture 1.— General route — Setting out o^^tihe istraiiglit^^Raiigiiig-both way» 

'-::* y-^lmtrao^P^ \im9cih^S^iim9tmii * MtafHKL«:«rtiipq§pM'Bewsh: tnaai»r- 

Staking at embankments and cutting^s — Bridge sites — €to»<lisifcn Rnttere- 

apd 8lope»^Forin$ttion breadths— Setting out fiid« wid.tiisr-Diagrams and 

tgrhiiil»-^W6rkibgiecti6ngooi:.^^^ ^ - i , . • . . . ^-. 

LsoTUBE S. — Ciirvesr-Modes of designating radios — ^Angle of deflection — 
Nomenclature of curves — Computation of curves — Boundaries given, 
to find radius—radius giv^n \o, fin^ .boundaries— Curve foi^u\|al» andf 
tables^. '. t ;"■'•• h ^ r '^ >"'''(■ «? t f • H . fs / ' ' ^f f -^ 

LsCTUSE 3. — Vanoos syitems of setting- out curves'^Ratt^ng curves — ■ 
Common method — By obliqti&nDlBMtS'^^y rectangular offsets— By angles- 

tEcrrtmE 4.-HSetting otitJ cMWSb cjon&iued— B^ tingles of ^'d^ectioh vri^ two- 
*^- ■ -^leod^ifetfj^&f Bafcfe^i»r^boU^ system *^5y ^tti^ siiiglfe'tjhord'. system 
'^ii ' '-LiiCtirves ^*te bridjte ' ^d ^via«f«^ts-*'Compot(nd ■ fcurveg — droesingd and> 

K^g. i|¥»so^l i.-Tr^?^^^Ji«{irtii^TjRftjW ^#*rfijgl4t{i.^-^j^Dg ojt^^^ ^j9 widths o» 

Vaas^'hsiio1siti\-^^Sm^^^^^oitife^^ «q (variouer- 

. ,L0CtUPes and ^ield. vvorJk.jFee: One Guinea. . 

Students for this course must4>e able to use a Theodolite anc^ 
have a, |;^|»^^>j|ifivfle»;>ge 0f^fiHMii$iAPy eying. 

(Two Leol^m^S ,ap4 ,9W .y Wl^ I^aaon)' 
IiBOTUBX I. — ^Distinotion between Town Surveying and ordinary Land 

Smreyw^B&i^dMtdlioma£^d^fi43^^ . surroondiDg. 

toiavgulation — Base ajjd tie lines — When^. angjas may^ be jomitted-? 
*-^'«f«tioniB',bbw- lIiki^d^O!rdlAi^ an^ •TaABS^--Re<?taiigtila!' offsete-r- 
--*^ ^OKK^tte' hr triangulated bffB'^s^Method of kee^ng fiedd-book for 
-3Xi6KWii Kiied-^FlMd bbok'for .de*^la— 0t2ei* ftiplotting'\?rt)rk— Hint^ 
^'f*^ <5ti Altetehing aiid ptittifig iii'tneastireiiient8--^Exami>le8^f lines and 
- -^ iftigleis ai'^&wti Sttfvejrflrom fidii^li)Dok^thoTrt the offsets— Exampl©" 

of one line with offsets ancf «ketcfcfeir. - - '' » . , ? ( u • 



JjtfftvtM IL — DiffMenoe in laying oat between Mident ftnd modem 

limitB^Double ol^jUa lijM— ^Jxample ol s^ma^^th jbetohae from 
field-book^Detalhofbabs preiiiBes, hW ttieambea— rfeoaations to 

jPiBtsB Lbmon L— Suzipoy ef «tNel8 witli th^ocblito-'l^iillig fa'detaili 

^aifMOMitiiMr. --ty ..•••-• '" '"■ 

Lrectui»es arid' JJ'ieldl 'w6rH, Fee; H^Jt-^i/jGuine^ 

- ■ •' - - >-- ir ^H »r>a. 



a;ging-0tti §mllntt| S^iK\t%\;^^^. 

Lecture. -"Locality as affecting valae^^^^^tfMtel yiM " H iPW te atfyt^^laaa 
ot pcopertjr regnlatii^g fi?£ o{ pk>|ttii ul gy ji n i pl ffl ^ iwpkU p i^ » t y> 4j 
..4itematiYe arraogeoaadot oi plota— ^;gQatMp% xpaos aii|4»am:op(ohee 
-•Itights q{ wayr-Beaerv^ portipivi-^Widili o^ ijqad^^^jiiULing 
liii&^HecalationB within tlso K0tn»o(itaii ai;9ac7r70pat'9Da9ul— 
Cost of laying cat roads and foot^ths. fencing, i&d.— Price jer pkn^ 
->atY)ii^ 'tent-^Pr^rtioik ' to t«nt*l t^M of : hoas^lun^MJn 
value of boildingB to be erected— Betnm for 0Titlfly-^6{^4cial 
eirowiiilAMia affMfeing; djayolclped iirttee-r U#U- and Aej^eyoM 
chargea— specification for roads and drains— Agreement fas- ftease 
_Le.«-<J,»y^««. .^ ^^ aawio^^ 

^XELD Lesbom.— Staking ont building plots— Use of cross staff— luing 
levels with one line of coUimation — Shifting station of instrument— 
Incidental work. 

JLecture ein<X F^^XiX !vypt^y Fj^;J^lf-a-Guinea. 

(Tiro. LectaffiM a&d On* Field IjedfteB. ^ 

Jjeciuri^ L--Mag»et|io aad»tiwet»3ij^ridw>sr-J?octe 

of compasB-Tjpoints of the oompa^aH^Vadons nxode^ ^ ipai^j^i^ the 
oarj— PpsmfU^o ccMmyaas, oonstruetiqn an^ u^ef^ute /^i^rvfys— 
$lQttin^ Iby/bearingft-i-Clieck bearing%r^lQttiwg b^j,4i9^C^^<3«f^ a*i<l 
onsets, or .' lai^tude '%)2d 4^pariafi»7nGkHisd(»ti^lc^(;^^ 
Independent co-ordinates— Bifljnjje^ '«-.;'.■>*> • • -^ . n ; I -? • • > to 



^ ;.!■» JrJ ic 



SJhLt9SA.0f! liBOS^BEa 



^ 



JjECTOKB n.— Bednotion of a traverse — Use of traverse tables — Use of 
tpgpnozQftfic^ tal4^— ^a}cl bookr~Form of record for redcatiq^ of 



tra^eri$a^>^«#]^traVek^''^^^8cfd t^verie-^'fiiamplM. '^'^^ 

Leotures and Field Work, i^e : 'Hj^lf-ei-Guihe^i V 

:xi8 .oV :V/A !j-1 J-/ ,/M! '; ! — ^ri — ^^^ Z -^^LAfx 

be given whenever there are snfiloientlli^lioahtB. ' { >^' -"> " 



ao* i iiMf)WMi ' nt.r.i9 hmm 






5^ ftji" -"M-^i^/sf .-•.:: = 



^r6^ tl^e^diiaiirlJfiflftWtibttfi^^i^ 6 ^gtOarly ported- in the 

:giJ|ffi^Sfti&'iyejgi*tteiit tltmk Cbilege, ond^ife are mi^e to Wbrk^itf 
Prfe«sy''ira5iig''ffii^ 'E^^ Itt'cbtoli^ion Viih ''Prions pr6|^wini! 
^d^:" Pirfiififlatt toi at^ ' ' -! 












- ..^-> -^zw-x^.^-^x™ -.^ u.- te<?Ji^yflal,.,VQi*%.rb/W .be^p. .a4fei fe>^ W 
branch^ia^<j^«>lioi^T Vm:/^.*^;!- .j.f e-Ij ir F-i-d jJl' ■ ' . ... .. :< 



aOabWji 



^ t:r. .rli. ih^r?" Oi 













f 



• •vr 



jibi^'ft'afl^; ml^tiiigi' are !Mld pn the Jl^sit W#44f s^^ in each mqntH 
jii^h Ss.;64. per ah^um.'•:^Pa)^eict'on scjentiifto stibjebtlv 

^_ ^ .„ -p;i -o^^^^ ^"^^ ofdipary ^eeti;^gs, %ti^ 4xcu?:#0Hfl are 

inarfoto finj^nefeitingwdrkd kflid ]^^ace$ of i|i%^st Wpugi tiiji^ irjmmdr^.: 



&^ 



PtBM i!roi«M»»- 



Vj 



fibjrf.'sH— .If '•-■ 



Qu^m. Victoria fifTHi.Il^O^ . . : v '-* H b.is ^->Tf/it>9U 

GLASS NOTES IN TECHNICAL DBAWING. Sixth 

squared papery aad mrchI, 6di lv • j i , / >it ..1 w ij- /n ^0' 

♦ * A capital form of note book for Btudents. * * The notes are useful 
and have been suggested b^ a Iragtimied ^cperieme in teaching. The 
ruled pages, about 7 in. by 4} in., diTided into | in. squares, are 

.. AspaaylJ^ infemd^$p»tl3i^i1^,,t6Wjgl^O!*^^ 
papj^Tj^c^ notes- 'm:nQtei^bQdy,.ftft jyo^^oa^cft^^ -- ^^ - 
TOij^jaouired, ,t^s of ^loTO^I^ J^J^fiwaJrW^Sei:]^^ ^ .,,, 
each and every item wtaoh;.}^ le^ffiegj^y^fW^^y®..*^ ®" 

in order to make attendance at lectures and classes a real ( 
Science and Art, 

This useful little vade mecum (intended primarily for students at the 
College) contains handy class ^oies, the syljabafff the City oi London 
College (City Polytec^ifcj) |>j?^ a AWW/^i*®^^ ruled paper for 
students' memoranda and olskSB-noteK-^IUustratedr Carpenter and Builder 

O and Mechanical Engineers Society, conliiuhmg^nfbrmainon upoif 
the varieties, prop€a^flfiyrmag3B^= flWiftflr- Jb ft? v ftf ithnhnr, the principles of 
designing joints, the form and arrangement of joints and fasteningar 

• • The subject upon which %e author treats is of Wo much im- 

ftance to the joinery trade, that we think it well ,to drav the sp 
^if«oh^^- oiii^ 'i^Sfl^r#2fo-«h4^4^ 
Wmt^of 4nTom?«H<«!/ vttry^e!6aiflyi%ifWen';^*Bd^^^W!if' iMd^tlfed 
ziieaijs Of' a )lhe^6f i%^]^%idci^^g!vi^' ^ti!i^M^^-:i^^i%lri6«»{ftMfiB. 
of joints, Ac, mentioned in the paper.--JBm*/d«r«' m^my^^Sfepmi^^'^^^^ 

Mr. Henry Adams has done ^oqd service not onW to students, but to- 
those who are in actual practice by the issue oPtfiensbove handy little 
works, which form part of fi, se:^s of handy^ bqpks on technical work. 
The author is notonly/a|MTil lan^neevdf^^lfmMice, but also attained 
high honours, and is t^Jumef 'T>Pmecliatil6al^^itglneering and building 
construction, <Src., at the City otXond<Mi. College, and he possesses in an 
emine;pt degree the f faculty ,0^ injparlbine.Ms iMtootiona in a cleajt and 
^id manner., <f *'<).£; the Jttle'Wrks%f^ in. 

woodwork is repfetfe With' spjid informatic?^^ ^^n" jh c<i^j>tfct feriii. illuss 
tr^lted . with a stj^et' :<3ff " eighty-iwo ' di^atna 'of ya)fio4s ^^rofe-'^of 
jomting.» *—Tne Cabinet Maters' GuidS. " ' ' '^ " ""'^ ''''''-^ ^' ''^"- 



. :^ ♦ • 4eal8 at so^ lePj^ ijipon^o bo^j^xuM^^da^^:^ ^raep, 

tiie ciasQii^cation ,oi tlipaber, and its ^^licatiob mainly f6r cat^atiy 
and joinery. ; I Bf^ai amnticm^is jgfiyen & tlie ii£^rtan%^tiJI;^'«ot di^ottnlSr, 
The pAp^ritf replete vid&i^vahiable infdmatidii^ :to^ 'ttiW dtmetnre and 
forma^oiirjpirbeaiiis^ To6f&.$^d mis^Miafitebn^' joints txltecf' iti carpehtify 
an4e^^L^ring :^o^]p/ wijiict 1^; st hy tr'-pUMix 

eighty orawingB.—al'fcll^^t^^ '' '''*'■■ \ ' - 

: • ■ * * is^^ffiJt whu^ .^ill lie aeryioeabla ^o joiners :and ^auldera. The 
•ubjeptis jareate^ili a ^^oroughly able style aix^eitensiY^j;^* *— ^J^iji^J^ 

* * We ooxninend this woi^ with it^^etbhek and "diagrams, to'ail^^v^^ 
mm ■iatM^&Bift^ m ik^^ ,\>w^mg , jk]ra4eRi sinoe: ,4^ : inlo^|i^fk<)io|;v, . p|^ of the 
iSrQ»titfit4mpa(^i««^ij Mr^ Ada^oB knowphh^^ sob^v/^d 4^^^ with ft 
xAdiiilKicaettpal loaimer.t^at^^i^a^not f«|l tptis^^j^ess.Uiiilaj;^ lygton tl^ 
memory of the 8tndent.-nT^(^ Jtmd«r rraii§«%^,l(^^ ^, . 

■ * * It Ml a nsefi^ #ork fbr joiners, buflders aii^ "ooaf^adtors/loid also 
fo^'agprentie^sr T%^ large s^eet^ of dil^graztt4'4s' v^^ tt 

ishowB not c^y how tb make all manner df jbiiiftd^ btit hdw to obfi^l^ 
timber into bbardi! frbni ^hfe log.^ Ttmder 'J"W#«. ' ■ ' • *^i^ - Jr;- 



i in:*'^Pteie6tKft Adatif^papertareatsiti athi^roaghlyetsaipMieDidv 
this subject. He takes it oat of t^e drt> technical pfaraseoiog^ of the 
^iieiM^i Ai»d h«ndle8it.<rom a phil(i9Qph(ipal stan^poi^^. * 'vTb^ paper 
m»|f he read with aavanti^e by «#. stode^tsf of ./;\|irooa^ qi; tinf^ier 
^AStniotM>n».-ng)ttt/(i»^ jreM?*« \ t^,, . . ■ i- , /j .; ' ., / 

*' * ViiU doubtless be appreciisitM by ,all pHi^cal engineers and 
4tf cbit>6ct9. The sicibject is treated in a ^'ar and masterly way, and is 
illostraied.by numerous figures.— J^ocw^^^o^^^'^cTwiecf* Joiiirnal. 

This unpretentious little pamphlet ift>an «zbeUeiit treatise on a aubjeot 
rar^y* dealt with in so dmaU a compasa. * -* The joSnts am weU 
^das^fied, and^, as far aa the paper ^fo&B; < adottrattiy desoribad. Care is 
1»4ceu all'throughto ^pl^ijp the reason for the form of the joints* and 
^cire ifl one plate ore wojed with good diawings.^ We can commend this 
jxrochnuce. as a thoughtful aud well digested introduction to the serlbds 
.#tady of this section ol building construction;.^-T6cAnicaZ World.^ 

• *'* Th6 facts and m^thoc^sgireti mayftl$v'takeri, t>f cotiTstf, to be^«ie 
heit of their kindi^fi^om tjith ^rebogufsed ktithorit^, and fke booklet may 
serve a^ W handy book ffi reference t6 themciiual instructor iri'any ease 

,W«lM*»V^.alsorec^v€tdt}ie8ame,^uthQr*8 "Joints in Woodwork,'* and 
her^agkln 'w^; 6an c6mm|n^' the clearness and the arrangement. * * 
ajid the .lK>ok now before 6s' tuddly clears away those difficulties, and 
ibhows us how Wood may. big letigffeened and fetteti^heiied, br secured "bif 
udidoiis 'jointfug.— /Surveyor. "'' '' ' '' . .' /-_ 



4-? OF TH» SciBNc* 4sp A^t p^'^.TME^T.. ^^^btaluiiDii all, th6 quiss- 
tiona Ujihe £lementaj^ ft^a ^vibnpd^ Stages with.;tliejr.dji^ata8, tl&4 
Xi4[y T^i^^ i^iAwers ifith. drawiiup I olaasified jdndec trades je^nd gronpea 
fM^o^Komg: to tubi^oi* ,oOim|^l^ >%. tli^ ^Ihiri^en ^ears 1J^X-,V>3, with: 
oopiootf indto and orosB r«^er!B;iQQJ3 aria ofeti 300 illus^aiSiotia. ' J^i^Q^A 8yo. 
oloth gilt, ziv. + '243 ppr, price 48i' ' * " " ' . ' 

' idolpnerSedAon.ltJS., tlid^llficim^i^ In thh ^^^'^i<jf^4*Botfyice and: 
}!Ltt Department, in adklKmledgiiig ft lODpy of the bo^l^/fifkjHs^''^ ha» 
evidently been compiled with great care, and will be a valnable anMidt'- 
§^MDer^^toXeaQhfr|i.a^^.«1«,^^r' ,; ,-^ ., ^, |... ^,.,,,_ ,.,y , 

^ Ahdttier tii>(6fiil tea^tlNM>k '^ '* ifiittfei^ated wvKhmaiiyeiBkj^dltfgraaBik. 
!rbe atlthor faaki ffroc^Med <a^ ' iSie tiieei'^' that a^ claflCMI«>«o]letfti«i^'Gr 
tht (itDba ii ons ABked dtirnM[»tbe liMt thlHecfnycldrd WiU^be of i|tMl|n|i«UitnF 
to competitors and te) Mwlier«?'--^a% ^eft^^/iji^ ' ^ ;. . ij.. 

.t * * ia>ijtei*«:WiUiopS^.'N«oil,iho bi^w %»oi^ ,ot fj^jreiOOAtfl^ing4aB 
^be .(»wrer9 *bey iv^rliJWy t«>.jif^^r,tor^^ FPW •apk^ 

^89lli»8« As th(t«# aiftfB^B pro^ei^, e^miper^ ^i>.,lxacdjl^ t,b,irfk, oi^ ft 
subject that is not iHnstrat^d. Mr. Adam8» 4t iim^ )^. aUaiyod^ , ha^ 
done bis model answering creditably, and he must oe a (ionce who can- 
mtanmhimMtsitli/fUe Mpfo£ tb9jbQ0k>4^ f»T^miM^ikfi±mAlT 
jitodiotafitamfiniwiB. .t .!*>^i%g Atchi^dec, . ■■■ - ■ • >. ., ' • ■ .^. - 
.'>>•<♦ til "view of.,tfcfe''Ken€irti»f«iHfon.ncH*Tarfqii^''^^^^ 
ntmHf By eisaudnatfiofi papists, Hm p^blioidfito ^ 8t^h''a^1)b^'i4 itiost 
opporttme. * * The writer mnst know his stitbjeet thiiroiighfyj't ^.v be» 
intimately s^nainM wij^ n^f its.pmifications; hemnit havatfbtighti 
the Bubject sacceaBfaliy,/'^d ne. mu$t 1>e. able to a(t)ptydiate the< 
examiners' Idiosyucrasies. These '. qnaHfications arj8\^arliixtey^ xtt 
Mr. Adams ; his recognised posltioh in the mBOhanicicl'H^fla; itidti^Hx^ 
instimotor for s long pododat ;cne< ot ' <ms weU^lolDwn toc^nica}. colji^ges,. 
«mniMa all these qnalificatigna.. Theetadant may . fe^ wilbiOll^ r^p^ip^ 
'that he isin goodiiaiidB winlethe pervaeB tiua.bookv* ^-^Mmcf.emi^J^rt^ 

^' » ♦ This pnblication shonld be paftidttlarly ttsefur*^ sttldents Jfe- 
jaaring for the examination of this Science and Art department: ** • Tfae- 
'author's extensive knowledge of the subject and bis great "e^petience 'as^ 
a teacher are admirable qualifications for thd w^i^, which appearsto be- 
esoe^dingly. wfM donew .DiagpwiPi^ i^i;e aU^ impprifot iu i^ study of 
building oanBtiyuiQtionp and :^fi,Ad>ms Jeaves po^ihmg to Wdesired^uL 
this resp^pt, Tl^.Mr^nj^anp^nt iisi part|aularlgr ^gopf f **^'* *"^^ " 
evidently a good one, ana is sure to be studied by ^stud 
interested in the subject. — Glasgow Herald, 

* ,Stude;itB must feelund^i* greS.t obligations ,to Ik^'^e&y .AJdinas. 
* * Ophe diagrams are numerous, ai^djlhe^e, coupled' ^iHih'^ 
^'^unt of practical information, clearl^ 'ditiaied^ provide trbe'sttident w& 
the nearest approach to a royal road to sticcJ9i4 tnat/he ctm liaVe.-^Iieifef^ 
Mercury* .-;. :- ii. ' -. ».'. 




Adamp* boc4c Jtist whal ti^ waiito * * i&Hd the book iirm t]id -& tddftll 
H^k of . r^e«HM;e to ay^ry arqliit99t:aod ^stntait, apast iroeat iit& 
^— ^ — "^iato. edooational 'valofl to qan^date^t i9 ^tho fiilMninittioiig 4»£.ih0 



mnptedia 



3caeQQ^>»^,A]^ jDepartment.— ^itt^i^ J^^ipf,- 

^* ♦'Thesis tJrtifti iii ttie- 'statement that thto ig'ho i^yal road " to 
ikbeeiB in -tlie ^^duntiiatii^n^ of 'th<i S<iienoe and Art' X>ecanmeiii AQ 
Mtodidiitci^ !Mve/t>l votim^, to tilimb the dfffiictilt tonte hy sheer h^td 
work. * * Both prospe<)tit« oom^titdts and teaohdrs wilt l^d thts.- 

/.:* « An'BJd to snoeess in.^^^minations'ixi tefohni^ trac^ BUhjei^s is 
Iffife mastering -Y^ ^tieatione which have puzzled candidates m|)r6Vi6ufr 
▼ears. Snch is the line t>f telushing adopted in "* Bhildihg CknistinictiOti^ 
u^^Hepi^Adf^n^. * * Pnoh a^ork^of^not^fail ,tq:]l»i9A?ml«i4>l«;hdpto 
^eambitiops^^tu^ent.— rAc:9<«^. . -■.. y> • .. 

if.* ^.aitaApbeBol'.twfi^lf^bia'jQats* experienoe, K^: Adt^ms m^ybe 
expected to show Inoidity and terseness in Mtk -solutionis, qim^ies so 
ej^Mn;^. to the ^igjti ameccgg igf .the oapdij^al^B. O^n^^n^ntlF^w^^ not 
(ptpXy find a.Qomplei^ re<;ord« as it wer^i ot ii\^e^^Qiic^,i^ Ai;t>iSlxaJnind* 
tions in thja subjeet for thj^tet^n ye^i^, bjut. w^ .also J^avie a (prpi/^ of 
ii^cunnatipn wjtuoh jnosi'pc^va.jpcio&t asefnlje^ «^^a47 Mp in preparatioD' 
work as weJOi as iSor relerenoa. *^ * rr- Jowwfl ff Sociitu^ qf Ar^itH^k*. . . ^ 

* • * Thei 4i^ies-oi te^nioai haiidbooka t>t the -sttident id' engineering 
atid< anBkbbMtnre whifah havfi/ appeared- imder th«f ^"me and- seal Of 
Professor Henry Adams amount almost to a sinall liforaiy, and entitle 
their autlkor to the g^tefnli^m^iQbTiBM^&pi.stnd^nitafand ti<»aohers.a|4Ee. 
The latest addition to itiese valQable wQrka^is.a key off,jgjiHdj9,|^ |h(r 
Science and Arib Bepartmenii's ez^minatibpos in boilding <H»iB;tpiption« 
* * But the usefulness of , the book being by no, means restrio^^dto ihe 
examination student pure and simple, a thorough index is provided,.to 
eerve as a gtxide for the praictising architect or practical builder who may 
Ihid thiswto'k^'^uable for tef^ence. As tdth aH Mr. Adams* text- 
Itooks^ )bhe work Is < y rsif y w here tfaotbughly eaiisftd and well don^. The- 
answer B are oonoise, the drawings accurate and clear, and in conformity 
with the general directions issu^ by the examix^^ * ^--^Idk^lBpanl' 
Chrandcft. ;'' . " ...... l 

''^ * Mr.' Xdams** book goes rather further. It prepares the stud^ 
for the Booth Kensington examinations, and the long experitoce of thef 
winter has. shown hiosi-^hQW to do this in a tboroagftdy esitidadtory 
manner.. , Mr. Adams le^.atpnso an expect *and a elear:.oxpoeitir.>^' 
Bhxdford Ohetver^ , . it . ; . . i 

•'9he1gi«M libiiity ^ thtt^atkhor of thfB work, in the direction of pi^ctical 
Inddity, and it> t&e preparation of eoaching text-books for examination 
fii^pqeee, i^ Sf? weU known that from the beginning we lismrii6'4ie»ita. 
tion In pronoufioing t^e treatitie in qoaetion as amongst ids happiest 

^Trts., Mr, ,A:^^ms.,baa a: nniflne power of makkig bis/iinbjectft of 
EktaUe^terest to his students without being superficial. His works 



32 p^iBas,,]^xx(3fi8. 

jiiUatopfgttdeupiceiii tbesmaUest ooBsis^ ^i,: 

Thtt vtibjMt of iMtllding edbBteRitstlon is her^ treated lii' a fiimilar 
ttuoiiier to tbat adopted by a skilfol teacbei^ of tnathematios when be 
worka out model problems f oif his pupils' imitation. * ^ As the bntco^ttie 
of twipnty-lly^ y^ars* experie^e as a ieaobec^ ^ ihefiibject, the froltune 
i«invaluabli^.to.fiIl eapest' aiadents, and sftpuld meet withia la rge . aitd 
jceady sale.^ Jt^ is the naefol and faithful handmaid to tb^ zeoogma^ 
text boobs on ^uildJng, Qonstruction. -Sclu^fim^., . | 

A valnable work by one who is known to possess peonHitr qnaUfications 
for impartii^ knowledge a;i^ high attMoments .In. i^h^ hranohes he 
teaches. * * Th^ book is a most.nse(fi4 oiie lor arphiteets, sorveyqirfti 
and builders, axid all siiadenif-^C^iirp^ntpr (i^^B ! . - 

* * Bhnj^y invaluable. •*' • Prof^dssor Adam's has.^ad twenty-five 
years' experience as a teacher. It ii safe to add, 'tiierefore, that 
" Building Construction " will be t« mach appredated. by 'Other teachers 
Af^ by students.— Surweyw'. ! ^ r. ; . : 

^ The auth<H7 has been weH^teownby thd puli^catioh of his answers to 
the ques^^ous given at the annual examinatious foi^ a good many years 
past. The more complete work how before uff adds ib his hign repu- 
tation. • ♦ w Buildisg Ctonstruction ^* :by I>rdfieasor Adams diould be 
in the hands of every student of Building €;on8ttuotion, And many who 
are not students: but activelif engaged in the vartcoiB departments of 
building, ivill &kd m its pages a mass of valuable inforntatiOB 'easily 
ijnd^rst^.-rflWwctfand^rtfl/lltntngi. ' 

^his is a small'but very nseful book^ as^e manner in which it ifi laid 
out encourages the student to think for himself as to the tnethodjEf and 
principles 'of construction; and the reasons fqr them.; * * The name of 
the author is a guarantee as to the accuracy of the ** answers." — BuUder* 

Those of oi^r, members who go in for South Kensington examinationa 
will find this useful as. a **cranuning" book, i " * Neeeasarily id#o 
it contaiins a good deal of useful ij^^rmataon QnooBStruoti(m.-^A^. JTateaw 

, .^ .., -T. .. ■ ■ ' ■ ■>' . rr-r, ,»^ ^ : =.: 

rpiMBEE PILING, in foundations and other works. A paper 
-■- read before the Society of Architects in 1891. Second 
edition, demy 8yo., 24pp., with folded plate, price Is. 

* * In tbe cotDTse el his able paper the author treats^his subject under 
the following heads :-^l, the material r^, its^^reparation ; 8, pile-driving; 
4, the supporting power of piles ; 5, examples of the use of piling. The 
pa^r is illustrated hy a folding plate ot H dii^4>Difti wbioh u^^ ffSbax 
assistance ^ a, proj^er unde^standGj^g. of ^be text<->3t«i^ 

? * Wenesd'searoely add that inithe hands of such 'an aoknowl«ld^^ 
authority the italormation suggested by these headings is forthcoming in 
Clear, eompaot and accurate form. In' fact, within 'tAxcxsomparatively 
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• * Shotdd prove of value to aU engil^ift^lk '#M«f^wi>f!fci?^*iiit^ 
pernsed ^witk interest 1^ these of oor-f eftders wW have- to^ do with 






<#^Ifet^^tf ^iST W cafr^6a!^eW*t 

command an exoeedingly UBem%]fiioA^'f^'^t^Sd^^ ^^t^"^ 




horn the 24 pages of matter atf5 tte^ fdlM pS^^'Sh^^feh'' aS^' flodie'M^ 
^higMCBai t*. :*:£achitFnMin(ffrfth9cfe«b9M|4tt Miy^tUtaiBtiaitodRon the 
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lb nsef al introduction to other treatises. 
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a very melnl oompUatioii' 6f i^mflAt«al:^^^sf^fi:^t^^ 

♦ * A weU written and timely brochure, * * The charm abd^Miii^ddne^ 
of,^ A4^s* teaohjng wa lepl^wiMU th^^ of 

(hat these leotiueB oan he readily nnderstbbd by all oIai»§"df ^^a 

STRAINS m IEOJ»WO»K, ^A eotufe 6F'fc|M ffliiWMif^ 
H^ .Z^twfifrd^i»iffa(^dtb»rrqwwfc^%!fr^ *^ 

D^9«« »ido>Wf c ^^awipl e R teelnd^ aft ^^hi9 wr»,5«^9»<^ w^^ 

; Thip t)o<i haa,l3^'wi&ely a^b|^^ iiifeoati<^tyiei£.ba^ 

Grapfiio Statics Mid B]bruQtifi:arM ; . 

• ? ^qr the task -to which, tl^e Council ^ny^t^clhim Mr. Adams is 
Bjpeciially iStted; ' BSs thorb^Bi^^^ eVery djetail of the 
8x^Bj/^,upoii' wfiiqf he treated jgay^ Jiini ^t^^^ "^^ 



anii th^ 



resolViLas been ^](at a more t^uable ^Ork than thie die |>ef<^t^tl9,e<^tdd: . 
not be placed in the hands of the yonng^ h^^^e^, ^' Hil^iiiki^ df iloft^ 
o)iaracter ^Q^je^i^ol i^e^e^sity f^ good d^ <» technical langaa|;e.,mad& 
w f?f^t)ut J^Ij, Aoafris uiak^s his tneaning cjlear 16 flie veriest i^rro im 
th^ profession/ kna i]i,in i% id whldh len^i^ addftroual '^idtie: 1k3ik hisr v^ 
4i>e^e^^^^ ^;:;--^ • ■ '^^;r . ;^^^^^;;;' 

-^ it itoBneb tf^^MKik^as le^ttHSBd 4}y ; ffiigineaiBi iwhd had not maateBed: 
sufficient mathematicB to understand foimiitBav lomid i&.AMM^.AdmuncMd- 
treatises. * * In the last lectures the reciprocal diagram of forces, as 
introduced by Professor Clerk-Maxwell, is explained; and the aaUiOT- 

^ii^;? 'i»o^'toj' ^f2^^SStev4osSi^. 
girders; '^e«i tr^o wctures wri^'^^^^rt^ ^he \ 
liitk tibol^'lMS thier stuiSent, iiiieHTttI ^rttiXAe him W'pj^ 
structures a principle that most ultibiat^ ;^ - . • 

1^ e^flub^^ng th^ paraelical a^pfifation cif foiWQl9M#>.stiwjwe%4f^^qk, 
simple msjmei.^Bui^tn^Nf^^ '..^. iy^-u\>..>o oS a.n-,ulAuu\oh.,. ' 

^t:* rftft.a^^ point ofj(^eri^,.ai^thftt.inw|ipl;|it,^f5^ most. 

o^^i^e. otner textl^oo^, is that the calculation^ are based on slpfple^ 
proportion and the plainest of algebraical 4nd arithmetica){! iVf^lemehtS^ 





^'UXffij^ aiid i 
bld^ and ttOit^- 
%book^ 



f^m'idiim. 



^ 



<d th« Oily of liondon Colk^e hM enAbled hiii^'iiiooqr «^oN^4o^9l^f«> 
" wy iuitj^d to the 

and the intemt that was displayed thzoaghoii'^' iui mtw^st Ufi 



-these dry ttid tephnioal matters More his readers^ i 



9ia«t(i .!:/:>; i\y. imot vat/ ?: snlw ' ' ^. '«^:A 




* * treats the aubjectln a very elemental^ though clear ^jid concise 
'^iikttBiMi ihethod^^i^esAmei^ ^SMih wWlfi fd^^^^di^idkr^B^ 
tip ihoae^wfaftjiMxe id obteiii>a8lawiwKi40iMe£c^e ^M<»l&^Md 
OMoItiPe dlMK<ti«|»a«Mi,slJatt8 o^^< ^r:6S& twei^fiRlU^^ limd' AtT^ 
xtsefol and handy little bo<^ containing a great amonnt of information 
in a small space, and yet entering into principles sufficiently to satisfy 
.^ift^i£iiaexiiMlh« tiMHif IMd^xUttstatkiM^yfitiM^Si^^W^ IfB 
iiMMEny 9.,^«fi|ibllMi»> :Yriw>ff«*leiided' ithi^ 
<^|Mi8alTtf»fri^@Kr%' irlRTdo i^Ktlp peHNMSCthi»i|el)9es3of ee ipis^vand 

: >fr * Itdt0on»«fvtiieielei8tel/iffi9O&i3]e cliia«ii;>uid>:2n6st;8inkpla<0< 
1ttUiii^i4M>^n-ilarnlB«Riai«i ato: isteaius ^^n^ltteiveiKky^iaBjaf • i^fs .aM 
girders, with whieh we have met, and although approjdnsaie Jme|bhodii 
axe in a few cases emfdoyed, the hook is «oeedingiy well adapted to 
ei>fbhi|9.stpd^ts4v>jB9dmlind with fsppity tJ^e more complete bpota and 
tii6t6iX>A$lSr^totUmS^i^^^ i7ho^^b^d<^>d^^aesoenllA) ^h 
-levti^ithe vniotlrttdted^ Ho maeridsirinKWxoi twaiiiring lesMiingto 
this sab^ can fail to feel<liittM£ptit wstti«KJtlie ladtes hy M nA dirt iy ' 

* * The lectures, while explaiain^tha aoisntiflo iprineiplesnMK wh^ 
•etrain^ are calculated, are of a practioal character, and consequentlv of 
•dtffljf utifil^ 16 the prcrfessional man. Tlley may be reoomtn^idea to 

' > TKisislir ott^SiiLl little bb<^ and deeS-tiot^ t(^vS»b ^- kliawledge-of 

-■ ".u J. .. r.:.. - -..vi: • : . • ; .- --t :.":•<:.;,!'■( • /« . -'ht,/!". vs 
;uAi useful UHle boek; hsni^ril^e/gfeat advsirtage that jitiii&)se fus#y 
^otfaee woiU \^ 'doaii itot «<ssamer toot h^ a*, degicie^ ei( <psMel99ey: : m 
mathematics in those who waiiVto«t^y^lhe.niiifMi.t *'■ ^i Thicmethods 
are clear, and without any difficulty a careful reader ought to be able to 
und^tani'^e'Hi^iifi^iSts'^ftt^IMI^'of oalefaOMioi^ 1)^^ ttf^lflAmhilfe tod 
graphic statics. — A.A. Notes. ' ' > .^ 
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Sft£fl&v ITQXICXB. 



on a subject as towmon little yrforfg ^CT). ^tq .^Ifrjj 
bated by Prof. Heniy AdamB, ^ * * wluch will 

expert at simpli/ying strain oompatations. * *-- Journal of^mor Efjfmfff^ 

O'l : :(>^ hiLR !£{<! il^iiuilJ oHtuiiLit'ild viav A ni toaiihfh ^lU sIa9^^ ' ■ 

WS ^iif^ mi%U^\Jl0t>m mOScitf, i^resWt, Im&uBMtMtB.&mHc^^ 

£iO'*hrr:vji.ii v.. iaooaiM iBaia * liaimaitiO'^ Mood ^liiil '/hnsd hufi Uf\^i. 

^JJdwpMlt«»fllttPln4M^Mr«rf4^4d]^#4ifao«Hth<liAaM%l^ 
fiUl^re^^ %bdoO«MldlMVi:)QlPdiMq (^itf'-^lT.^IJattoirt^NiterJ jaiW g L; 

complete ; part TH.-^^^^fi^ar^f P4nll^i|^ 

Stanchion and Eiveted Joints ; part V. — Wronght Iron Roof Truss and 
lOafelqlRBijfiQUdnjCttenNiL > ^j^otopaitieiteiais&iityted'iss^jled aezt 
^^e<'>oTh]s:)r«maiAn«faikicki6f KlhM#4>airtB uii«mis[fn'«sl&:i(l>MU:tkXiQ#r 
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nJk. iWiOAS^:. liJEflpcBii laiioiffiMn^^Q^m.o^tb^ead&ffk^^dvi^itli^Oid^d 

This is a new edition of Designing Wrought and Cast- Is»)^ Stcac^vimfr 
which was issued in five parts, now brought into one volume, with 
tfokt'eptfcMaaii^pdaiii^y t«ridi<Ti^^ tg/ ■ > elnlw .^-yiui^jl diiT ' ' 

t* v' . ,. .0-1. ' ij-: t-tjojgit.lo Iacjj* uiiq H >0 -»iw ,h'.v..*,:tfjI^o 9ie rffUt';;. 

OX * ;*..Air??qlu;aajeefeJia4,^ilj^liQ wejfioip^^ l)X,.^.^g»i*f^^gjaM JWi- 
tectrral students. Of the .ai^rit^,*of ^^l4pwot,^iiifi(^ fS^i^^ 
treatment we have before spoken with commendation, and we believo 

'tha4*lai»J!i.*^BtBd^,^l^#ffn^.*99rpM|fO¥ftv*e«.^ «(«f^E^ of 

designing than tb W J^ttV^^^WW^^ne gr^l^W^^y .^esttW^rfP/t .¥^<**t^ 
SO many, filled with algebraic formulse and equations unintelligible to 

'«ll«>'tnM4ifa% ^«fibtu«b9ntKrj|{ 9>>A93BiBtT|#antiiKvbiar<>de«ittE( to^-suqi^unt 
him%^^vi<tlifltlie sutrji^b o§ coq^sfriBcttaii iWwiiinttqtD M»teir:tUlxD^itB.iiifr 
<fl«ytf«fto4iPlfofestor.Adiafca».^^tUlK^^ireua-/ oJv^ ^noih m t^oiiAatsAi^.:'. 

' ^l.ji -d oi ^du'-'' 1 fuy^i I'^-iiao a wi'r jhi'uj -JHh JiJ.^iJiv hna ,T«dH -m. 

( ',8 <<.ljArr«lo»|i fm^CoAoWAff)^: Jpp ;ef|gj^e9)^Hj^^i.if^lui|9ctlki3ofi^fl9?<^ 
Engineer, .v-^V. .f.t p- ftiBJe oiil^i, . 



Ttom'^mnem^i 



sr 



:ut'eEi!^oi Adtuii^' iat?rsrv yrydnctlduifi are eini'ineutiv priioi[;:til tisj well 



jl^Tioationjil^ ttnti tita i^reaeut wo^ i^i^t iasue^i nrniej the') kb^v^e title 

^a ti; re &(1 a tin j t tf(> " w , 
e 111 ^t tiS r- ; ■ "t rj (^ <? (fd[\ v:i t Va th 'H\^ refifc! u aT^ 







,_, _^_ ^__ . . ,, . ^ . The* ti?ict ifi '^pcor^pEinie^ 

^_^^aore tfesK^V Ifoz^a 'platj^s'^tlj^^v^n, ^.yiati;''r^^^^ 

infoi:i:j:iiLiLJii ii ' : ^LrL.-.L^i.■^, v. lj:sj.i.L OhUi be gti* '.;. : :..", :. ^. ^' J : ■'•■.- ■:>|-:- th^' 

atii|hot!a boolLpn " Strains in Ironwork,", any business man with a ^ 

with a clearer, more concise and practical treatise o;x ^,^^^^^al , frpu- 
work design. Not alone is the information eminently practical and to 

!o «&s^!:A0vcfrgridMnBai»feaJ9a[0iiniM^ thbcfltop^ifmtijr^ift^slinmflOf 

of numerical answers dealin^v.wi<^ djjn9t0io»jb dti^^ito^ 

notes, an excellent selection of illustrations being included. The book i» 

q«rt(rflll3l'l«W«IIW«tiyft«i^ehr-«i^<lN^ fil.>l{biuodh ' * 

^mei^^9!fm |9!^a^9^^'M#de^^fbloStti^''r«ll^i|9lM^a««Gf^^ 
special portions of structural ironwork.- ^fbes4 d48igia»«t6niI}<!|iS&|)9tti^ 
by practical remarks which enable the designer to apply them in the 

work is well worth studying, as it is meant -^t^ j^i^e^^t -many nif^lfes 
often made, by designers. * * The work is clearly and concisely written, 
'aar>'a'lm6f^ld(^"<?!'^Jg^^ to 



•idertft^d^M^; 



>fnM^tri4Pet'^mrl^. 




.jTnjastert^ejX.^ — , ^ __ ^ ._ _ ^^ 

noi the aitii'df the ^trthor.'^to j^rSAiiie" W*Wobk' d^&iifig witM^^McMt 

ironwork, but it will be found he has omitted but very little that is 

^Hkel^cTtd^beHslfge^xadmib fulltheloffioe^jaifoAcD i^afpafimi or; siubiteet. — 

'^"^jhie author (^'tfife able"%tia tr^^ful Wo¥¥19 sbw^If^fad^li- ^ifiiwa^ifie^^t. 
f'^ng''oifeles- ab^^in?^ (Mtiedtioif^«te%lS*ifetti^ li%eMt*5^'%Gtotl-il^^ 
similar character, that^ iiit]«6duct^ryi}^MQftt<^)il6 ai^^f^lsoslfoely ^Itteo^ssti^ ; 
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pmw/wniMi 



thvoa^boiit iha 

Jfom of ^f|iem»tv 



ift.9tpVftlolil)!)£*:flllM0lMblf^riW KMUid 




Tolome is oonoiM Mid liioi()if4|ihijlpi>#^ir«Q0«m>9«l^^ 



[68 r ana tti€{''fdmmaB 




*?w,jwrsj' 






iproaucing 



mAterial toUaotaa ^rHm for ti^eiaoiB claas. f® 

y **» tlan desoriptipilB ar^ bi^^ buV.ikple. atM'ar^'top^leiiiy^^ 

.eaeil/nnd^rfttood. Tbe aathot hot only hai'Wpdrf^ &no^i^^6f'tii^ 

'^xpveMiiie himiwilf in a manner whioh tiie meal eS^eht^'aracKtit 
:emcu^mitPi tttiwwted. a#ha«liiitehwy»<>tii>iw<iitfai|iiaaitiiliiii> of 
;«BC|iMtidn ^thkik «t (Olteinatairottitf««liiinaotiMti^|bte4a»aiaitei^ 
'fVobl«itti»;iM4iieh|utoteli«-fQiv>«d,^iS^ r <isvf-,-ir^ I.«ji>h-i.,:Ta** 

* « Shonid find a plaoa on iko'rii^^ oe><»ryyJiWri<|lail*gtiartMy. 

"tlMdtaigiMandcakiaaiionaa^wMk^d on^ wiU;<^^l^le,#a,|ilaBdin^;r^f 
inQQ«A4iibBeloon([Mkr«ojbion<to.a]jiiJlj l)iB-)i9P^)e4goMF9l7 YIMMa;^A«4^An 
i«irfli3r:dar pr%»tto©k^r*<wii.. X ifbtes. . . , .. •• - • i u i .- jout^ - : ^ .iori ^o,-. ■ >,:-. ^.r»; 

« • i» iPhesfelnme ia iMnatwitaa irilh tarfla^iaflffiMfcii, jaadid^rfi firMtlilM 
iteBMiBakrfiMP.iteBM:o£cted«nta fdio wiAtg^fadaoi^aytiadiBBlttfid: it^ 

j f * |l«a7lonnid»a» glv#n,andt^a4U|Hi$K«^nf»ai»»bo^ 
jandolear. Th# deMnpUona iraooinpai^ng the; qfXoiUfl^ion^ r^ brii^ 
but. ample enongh to make tbe ^hole of .tj^ve^ woi^Aing ,,dear ana .definite 
■to anyone who has bad Ijhe ordinikry prelimmary tr^i^mg. ,i^^ 
pimoml^ ol meohanica and vieory qf^ aVossea. ' ^ The b<X^k i^ V^r^. hahHy 
ior rt^rence while desigmn^ and 6ugl|[^ 1h$ find its way 4i6 ^ shelyiBS gf 
^verjrj9ngineer*sandftrSii$ect*8UbraiT^.Vi^^^^ gf 4fpUite4f^^^^Q\irMt 

V)*.jaiibeneeB»wf oiAodlaliottfi foBttlu davite jofes^htaeMstendnMs 
clearly given and simply expressed, and the whole snbjeot i»f4i(«|at9d 



in an. .emillentl3^ praotieal manAer. The m9fi: is iO€Ei;tainJyrione 
-ehonld be is the handa of every 4ni«|^tsman ai^j slfiid^ intevf 
ih^xbrnigfi of stmetnral ixQnm9fhr^echmf9tlL Wptid, - , f,j ; ^ . 



SOieot. Frioels. 6d. ■ '-^ • •■ •'^r*^'-' A—ootno -^uvfjuif r.'i99aiuci^- 

houMaoIa wprld, so nnmerous are niB books for 4i|i«ur. gw^ancei and so 
as^dnons have boBn bif labours as a.leotnrer. We have now before a& 



tH^'^ff^^*^ *^*)jJgi»oi^l5piifaiii^^lten^rlf«'*tilc^ with 

svstem of instmction is admiral im^ani^» and ik^^-^iHih^s^'laib^' 
all about tti& theory^jf -girder oonstrnction cannot do better than read 

ol»^y9(liq»9i^pfin .^9 jrigiik ]ii#tl|Qd{Ot»doptmg a»d ll{)i»^p^ t|be<jfej^'i9ft)t ; 

* ^ We can folly recommend this book * ^^ to all students and 
eflghletfriiig4s»m^ktftmetav:^Btt»«eWf(^^ =; " "^ - •^' " ■■' ' ■''^- '" ' 

.f'. .* fMr.. AdAms ifl.afthotf^flgUir^pnMtlitial teai^tfHr«*«nd he^^lshbotit 
bMi^Konltin a»Jhof«Bghl3rtip^»»otiofklia8hion. -Eyidei^^f thiftJa.;|iOf)»» 
foond in the custom, which he has instiWted^jckf.^pUrioiag in tii«r.hawiiir(^; 
hjb|f Blfadezu^,irc»d[#j^ ^a^n^tionB 

dngrams and dfiiwingb relating to the jiabjiKtt ^os^ lor.h^a i^nr^l *j 
— Lrvx imd. Coal Trades Retoievi, ^ 

:^* • Wi rtljonlmen^ t^i^illtlV l^k i/i i^odi^ worthV 'of* -tfee it^fetl) J 
of* an wfebSvish to b)BSbii»«hit[g, more thin *'tnle of mmb" e^rtrf-i^ 

Tii^.ii'r:^yitfj!«biiijgi tihair i» lieoeMwy 1^ ith^ titdcUnlrto U6w to enable 
him to d^)^^.i^gMerxCjf 'tilis-kind'ir^slfi^ and there would 

l»?.v»Oii%^(Q%5B9lteo?^;,W Twrjt froffi thf information on the 

" f ;f >'''^i)uii^;iia%toiticai;ira^^ in uiiddiibtedry . fiirpersLtlVe if an ^ 
eiaijlii^er 1^ to excejt. iii 'structtiral design,' but ^hi «^uth6r hblds 'jthe' 
onilJidn-T^i/Hiic^ , "^^e ' have repeate^y exprewed— that all calculitfon& 
mi^tbe'yiewedm theli^^ it is thi^'cfear 

r^f|Kd^i;6n pii hii^ pii^ mrbonn^ction^ various papefB^^ that 

xnakdrtheih "irb ^ce^dingly j^^cticai to' alt ehgih^ers interested in the- 
subject.— Pro^ticaZ JFn^tneer. ''^ .-.c . . m. 

ijfv.f^ ,!:Pb^^ d^gi^.lftvC^iMiwtoriae^ 1[^i.t^v<8%iafii 0^ and tfao«<mgbAefl&^^ 
whkbrjflMitigiiiflk the^aotHit^ur ln,aUih>#.Qtiiev ^mrkiik.rr^iQlUeifit^ Qtmnidm* 

-£ ,pMl^ «ectea( ^ot ^wh^ f tl»b forma p«rt ift intoad^dito* take th«i4pla«ef 
of elaborately worked examples to be studied in connectti9n,>with tbie ti^cr 



4W- 



Tsm^wprmm-i 




LiiLiX ei i. i^^ijfisa: io 



•engixieer'B drawing office. — JndustrUs and Ir<m. bi) e ' oohH l9e) \*c 

. * * Valiiable notoa * * ,The information given j 

1>«ettntf ^fcidf «^. JRft'^rffab&'Mae ttie^iSftf aPii 

K\m t:'4 -'V 

HYDRAULIC MACHIi^^Ryfe PAaX/^a^RBftESE^KC; jjaAv/ 
Leotare delivered to the Railway Officials* Assooiation in 1880 ; 
^'^^-^-^BlbotaGA iyamxMPcft^4siaiMa^ kk^fH^k^mi^lSkyik IM^eiblleit 

railway porposeH. ' SeeooS^ BcBtion! D«b^ «Vttl^4ryp.,t>wi4il''ptlAi^ 

^l illustrations, Is. 

* • Mr. Adams' lecture wiD b^ ve^dynih iwiJBLe§^im:tiQ»»ifg'^ 
important development of engineering. — The Butlding News. 

* ^4ei9;.avery.#eiMatl3ieobd«lD^'mad,tl»ki»M^lMrM^^ WtaJ'-EU 'idbjecl, 
iroAic itt^srliest «tsuiarup to the 'j>ittietiir>tttt& iifi(iei'^4revyodea0 o&dieotieite:: 
ndfnflfettAJiiWjfe«liw3'J^«4««.i' ^UJi'UcLii -".ii u:l if ntv^f ,ar J-'* > & -J .i f.r.-uoJ 

A 

.... ..^.v^^ 

preparing for the examinations in Mechanical fingioeering, Machine 

OttiBtoBctbn HitfiQMrt3t£«i^iA$|di&^ Ifttchami^o ^fiocorth: ^ditjxmfiV^vpbrtniit 

£in±Ga)piQx»iMid&xjtQ]sihiCi{7XfifB9t^\,'^\ta^ oi .;: :: 

•- '*-Af fcer' haviii^^liolfed iHWigA^ffie p^m^^^^^e '*o«t^i^Shfeiyi^w«.^' 
are glad to find that the comprehensiWaW-lisetobaneciibi&^^'^el^'^a* 

na ajQe(*€i6«^ry,a(j0itioi^^^ tj^^ mechaipca^^^Djgtneer P l^na 




practiy^lr^a^utidote «> the my| or les^ ijsel 
examination questioiiK^' — We tlngim 




»taiuse 



* * Provides in a very condensed form, the cream of engineering literature. 
* i^J(^e^4»^Kieve most ^ii^i^-^'^^DCftf h^m^iomm^^kfikiit^liJMkiiml^ fheir 
bookfiheives as ^ebntarain^, i«^d^9«tlQeie«yU](lk -OM&SM^^ fiMff^j^iibifeili^fetf 



^cronons. 



S*l 






^kHi i hrtp ^ n iliil l i to thfe(i#ttqri;r %he9MiiQi«ki«ej^ltr.-ftit|idattr^f¥»4«MB»I 
principles <^ meobanio^ TiiM«^aA>i^9>IMii|eai.9f v^ttv^t^ B^rtn0^r(^i 

oyoraulic maohinery, elcctnpai eneineeniig, aha sui 
Caiiery QwM-dian. ■ ' ' . ^ ^ >^ .2< 

for acoarscy ; tbifc iwikd^ sli^W '<ifdd1^ ^H^^^'^'^liS^^^jf^oF 4^t^Q 

Wi^te<limratna»Mth ^Ibaireqiilreiileitaciif. togin^ 
methods. * * The .pneselit ^a^h^^aim^iiiieiifMmiQik^jW^Mtfgii'^ 

V,. *. *jW^^aValiU30^.ppntwv8.a n^^Q^^pf.jnfQnnatipR. Jfi.e theoretical 
:,podao;i re 4pfc ^l^clulj burde^^ Those naed 



ittVa'rii fait stai;iaia^^oFthe<'aiith(i^ard'r) 




"are aimpjie. fjji4, ^^ 
niatics. ' Mechanical eng 

>Xdo6fy iMNiiteafa^dcvi4lMBiox*i4;'«fnl Mi^ tftiat bevMun^oiigiitc^oiibBr mndh 

which the facts and opiniohs aife^ ptrt before the readers ts 

^parteJafeg largeiy^t^ thfe^'olrairactet, br the'toDcfet-b<tol<i' Wit "^ttlffttetr 
^i&&c!'ent of iiu ex^lanal!lo]i,wi£h ^acf^ fdhiinii tb^nibl6 a'))afe;f Mki^lK) 
'%tiBp at oiic&^tfie dpplicaMoil^ofttie liifdrmAtron giV^v** I^^ 
Adams is a recognised authority on engineering i)tf&tf0rltrii!Sd^d^Ult9We 
^bi^^^JtfBiill^-iot^^tfMliHll^ ^uftt^the 

^MonmLtim*'likseyim«dt,irTlKi'h4^ 'it one/iivsciweleofiia heaviily^a«d 
'9S6&mii^9mAihtme'iwkQ^hvi9'ao^y€f^ hoxighvt^icopj fibi do^isol at io«Mvt— 

* * Clearness and conciseness are its characteristic te^tnihs'M'Jbu^al 

reideb, -and 'it is 
ekiBtjinnatiBft tf*' its 




fcntoi aiSiji' likely' to 
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^SWMP^eraUBBB. 







fin^ 'oik itA '^B^tiff/^^ 






mo«t useful, 



i6f 




]j^f^^^<>.m^n^nri^ life .^ ffiftA^iij^ yiMiad^^Ji-^^sSi!^^ 
19^11x18 ex6dl6BtooDfiOti(m.o&ittigilH«NN^]|0ik98m^ Oftja^d«B|ble^ TKlu^f^ , j ttiie 

conspicuous by their abienoe. The authorities for the various fom^^^U^e r^^ 
6«n*^:»?^r<i^*^ . We iDAya44ttat>fe*tuj^,i;i^JheljQ©kJ9.th^x^ 
if ^ifef iW • ?F wij^ th<& matter is . J>ni?t^ > ^c^jt^cj^m^i of -/Afl. Jttes^. (Spop's 

* * The work is, of ooorse, largely a compilation, buil^v^4».]Luaue«^ojE'^t^e 
j|9uy^ ^cm Jvhichit.^«^^=»fM ^ ^^^^fJ^^Jif^ i^i ^W ^ ^^* 

jbeei^'a^eclJaS va^ ,g?fa^,,c^re,.. AJf .fbe, or%a^. Jj^n^^^s^of ^n^eWgul 
^j^i^eer^Qg^g f^rjy weU 9pVer^^. aB^^"^jpioup,wdq:^(9f .sub^eotCmp^^ 
iiS*^f^'.«*«ly^V^ie4or |rs|^^^.,,,%^.}i^A?e^mu(^', ^^M^^ii "^i -^S^- 
) (1*^ It cscmiaBiB wdai^e .ameuatH'fli>j»i^(b)t>jHi{pvttwtif tcio^iii^^ 
^>siilaU' ipaeei fiiiioaa^written^>iir tiie :foiho]^{l^ell|]a(mviV5Q^Qif»iJj«H$^^^^ 
-mitttter.^ :; Iteis 4vidfentl|( ^thtt vidplb of l^^mMtes^haiiil^itol^^iihM^ilK^^ 
mend it to the profession as an excellent book of reff.Mtttl^.'^iiH^Mw^l^ 

* * Students of mechanical engineering will find in tb^ :^0qkia 9i)X9fi^^i 
.useful inforwftion in a. con^e^^ ^r^. rThenilfB. ^d,)^;^€>g have^^lj^ 
^compiled from th« best .g?j;rc^. and; are ||Tace4.befpr^,th^/f^^^^^^ 
.and convenient formr '. *.|T.ltl9fm^^-gc«tj)r^tel^;^dJ^ ^^^^yX'.i^^^SiL^ltrL^ 

and is eminently adapted for that ^urpo&e.^-S(edm«AH||). 



s^Mmio^m' 



r^'^'^<l^¥be^^pl^ok'mhiifttB^0di[lfb& ikiB mk^i^9b^i^iie fronts 



although primarily intended for the uee of student^'i^ Venture td ^hfilk ^tMr 
its chief sphere of oaefulnen will be in the engmear^e works and drawing office^ 

Vfiti^*<«!M#«i'1fJfft io i-A » ''rif,i-/M-..rT -jr^f.,K.rli5 'irii^cp'jrr.' " ' 

•.fJL to tha Eiaminationa of tha Scianoa and Art Dapartmant. Con- 
taining aQ fha qnaetionB sat in thaaleinantary at^ with tiiair diagrams, 
mA mki^^ytaOB^ taum^ttmUM daM«l99i,^^|oi^«dPrMHy»MH»^^l!ibjaet^ 
wiriilsiii>f<tenti>a mtSimmf9»vA^yi»U^9^mUiky(9^9klililh49^ iCiQwPf 
8vo.» olotn, 116pp., Sa. 6d. . ^ . v ,- . ). iu ;•..- d - .ba t •» /, ^1- j fxi oj r ^ > • •. 

* * It is naatly got np, sketches are dearly drawn, whilst the answers 
ftyte»g%itty»fery^^^<it ^msj^ «i Ukk^-4Mimi9Kaifim1b^iwipx4md^Jot the 
i^aSibismdAtiiiB'^MMtiU to^«dof« itt^avmbcttanHiwitili er — =*— ^^-~ 

«^43«^#1triyolMf0rtS2tlKMiib«a>iM ft kBfHkii^e^iite 1hdteiftiiddBtage*A(! 
fMMuM)»A Iw tliiiMtaiMaatM^ to^Atttpnriiiiili^^rt^ 

&t]ft<ittottkdbU«Al^dr«««i^8altt*Qi»' i^isyrtadfcydfc^ihainiMj.iflyiifcjmii 

'v.-..i'.- v<\— Jiilji.. 7137 •yi-in <■! ,'« (" • -• .-. '. ' . .' 1:>tii,«iL--» "i • l;,'!>ii 

The examples in this easy road to the machine oonstmotittar.^pAr 
4fawing examinations of the'^ienoe and Art Department are wdl- 

* * We shonld eertainly advise elementaxy stadents to go oarefally<^^ 

oggl^^ilfjgj^iid th^; bpoK^.for therburpose o|^^leaghjhg 4>*>yfMtel^^iVi:^g; 



W ItW^^ a^ sauna AWO^i 
be cteBfred.— JA« 'Builder. 



.^..^'\ 



the examinations of the Science and Art Department. Con- 
all the qoastions set in the advanced stage with their diagrams, 
_^^wWa}iWiftiWHljdti#3ig«i'fe*ttj^ ifebi^rfi^i ttt'JuBject, 
\m fte'^flfe^ttift^ter yews 1881-9$? wftK.^dexi' 72 'pp.; iThd^W 
oldeS pUtes. Grown Svo.rdotlt, 2s. 6d.-^'- — " ■ '^- *- -^ <^ ^' 



4i 



^w^k^'^m^ 






liable 




* * The qaftlifioations f or providing a key of thi^^MiilMkM^^^irm W 
admitted ^jr^soit ia Jl^tsd l^i^ theauthor js Profeggpr of Engineering 
at the City of London College, and that he has heen aseiiitecrm raapect 

?*v{iriaBg^«M%''W>«e«Cli-'o|^ifltifiglMi^- )iiiitfta^,^it4 ^0ti^^tMs ite 
iaM»<^»#^^i«4ttiM>ttiAbRei^'48ltl^ eftfidtlocMl^Mw 

onght to be answered. — Birmii^gkfitm Po9i, i><* «t , qffiif J ji;oi'> ..o .'•- 

*>ift 1oIt>aei&ftyrlw»»Jli»c0apt»iidPdill>a^ Iftte hiitf mm^f^ikfunri^Atfi^ 
iiia<iw l « a ixeTJtewabieclr>Aoaievtii, Ittiivfiopvciof ^)^MMl»I4{iAic]mil9if9h^ 
the questions thatdklnw t>^eil^t t>2^tbe m»|0iAe«lId9l9«%tlHfjiM#4^»^ 

J ears, is not one that lends itself to the orammer, no matter how agile ; 
adoi|0aaiitfdaddtidF «l !tb^i|ii4st»li» Ib^^wytflhtfiA^ Ml>4w4ng'thiB 
]Miniri(aaft)6ndfUr4ufifiiim]d^ fttet!4OTill)l| 

latelHgeateaMiid^fti vii n flfj » yrt ft ii < <jg^ 

the subject of noaohine oonstmotion, and to those interested in thit'pai^ 
idoular subject the book will no doubt prove very useftd. — Practical 
JI«fJ>«t»^.''-^i''i*a'^->^ .>-i >^/ rr iiit »i !)iioT '«-,'.i> «5i;i: xii Bdlqawzs -j^.l'I 

to Its purpose.— J?f»^^tfii Mechanic, * ^ ^ « ** ^ ' 

Although there has been oonsiaeikble^impt^^e&ent-^^^eii^'AiitefifiSU^ 

.ilhich 
fair 




Gazette, 



it IS simpiy mdis^Dsable.— /W«^«/^^^tf;^^f^«.,.,,^ nwoiD .I'^ijeici L1.1- 



appealing to and supplying the wants of etnctQte,.^p|d Iw^ifcpft^odb 
instance has exoeiled himself. Every elementary candidate in machine 
joonatmotion and drawing shonld ^et the Elementary yolome, and every 
advanced student shoiud get Ihe Advanced voliune. We tender to 
Hr. Adams and his publishers, Messrs. Chapman A Hall, our oon. 

pttAUTlCAL TUmOJJOMJi r My : Jj ' or EngiDeere, Arcliiteets 
-*- and Surveyors. Section I^ Angular Measuremfiiit. 8ecti(»i II.. 
Pdnoiples of ¥fig^iw|ei«ytiic.SlMi[>fin«]^^^^^ and use of 

tiA ^.qq^ ^bf^lmlniilu ^.m^^^ i^'/o^l .7881 m vt^im?* 

* * Is just what is wanted by young students. * * Professor Adam 
^as 4he|^ltol being al^ to put^kp popular la ngu age mu c h t ha t many 
other people leave incomprehensible. * * — Building Niws, 

take the perusal of other than elementary works wttft^.^i miwpIiiI jg« i^Jf 
^gonometry is essential. The book is so arranged as to graduall 
disperse the dif^oulties to beginners in Trigonometxy^ and it cannot bat 
prove an incentive to urther study. — NtUure, 




nometry. The usefulness and indiapensability of the subject is sndwii 
bv a few well chosen practical applications worked out completely. * * 
Th e d e fim tioBs- ar e g i ve n i n -a^ more interesting manser tfa&xr will tie 
found in the ordinary school books. * * — The Engineer, 

^ii^bhmH. i?. >eeeibi)A l/nu^imal -KHaaVlIi i/H UO YTaiOO^ 
. We are often asked to reoommendqaj'^ood^vfintailipble^ttfla i^Aaottdil 
book on Trigonometry, at a reasonable price. We have now pleasure in 
doing so; *' PracticsJ Trigonometry " by Adams is very ^ood^ very 
intelligible,, very practical, and very cheap. * ^ The intention of the 
author has been well fulfilled, and he has given us an admirable little 

* * Such a small book is very useful to those who require only %e 
application of Trigonometry to the ordinary problems of surveying ; the 
a nth nr's n a me i s a sufficient gua r a nte e as to its- being reliable. * * His 
^QE{NMiltloar^/4to 8u^j08t<i«QeAMr«LBi3 %'^BS^^'^f'^Tni Bmf^M^'^'' " ^ 
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everything that anyone < 
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General Purposes. With a Chapter upon Estimating. By F. Dye. 
With illustrations y crown Svo, cloth, y. 

Hot Water. — Hot Water Apparatus: an Ele- 
mentary Guide for the Fitting and Fixing of Boilers and Apparatus for 
the Circulation of Hot Water for Heating and for Domestic Supply, and 
containing a Chapter upon Boilers and Fittings for Steam Cooking. By 
F. Dye. 32 illustrations, fcap. Svo, cloth, U. 6^. 

Household Manual. — Sponi Household Manual: 

a Treasury of Domestic Receipts and Guide for Home Management. 
Demy Svo, cloth, containing 975 pages and 250 illustrations, price ^s, 6d, 

PRINCIPAL CONTENTS: 
Hints for selecting a good House — Sanitation— Water Supply — Ventilation and Wamung 
—Lifting — Furniture and Decoration — ^Thieves and Fire— The Larder — Curing Foods for 
lengUiened Preservation— The Dairy— The Cellar— The Pantry^The Kitchen— Receipts for 
Dishes — The Housewife's Room — Housekeeping, Marketing — The Dining-Room — ^Thc 
Drawing-Room— The Bedroom— The Nursery^The Sick-Room— The Bath-Room— Th^ 
Laundry— The School-Room— The Playground— The Work-Room— The Library— The 
Garden— The Farmyard — Small Motorsr— Household Law. 

House Hunting. — Practical Hints on Taking a 

House, By H. Percy Boulnois, Mem. Inst. C.E., City Engineer, 
Liverpool, Author of ' The Municipal and Sanitary Engineer's Hand- 
book,' ' Dirty Dustbins and Sloppy Streets,' &c. i8mo, doth, \s, 6d. 

Hydraulics. — Simple Hydraulic Formulce. By 

T. W. Stone, C.E., late Resident District Engineer, Victoria Water 
Supply. Crown Svo, cloth, 4f. 

Hydraulic ISlldiChiri^Ty.— Hydraulic Steam and 

Hand-Power Lifting and Pressing Machinery, By Frederick Colyer, 
M. Inst. C.E., M. Inst M.E. Second edition, revised and enlarged. With 
88 plates, 8vo, cloth, 28j. 

Hydraulic Machinery. — Hydraulic Machinery. 

With an Introduction to Hydraulics. By Robert Gordon Blaine, 
Assoc. M. Inst. C.E., &c. With 272 illustrations, 383 pp. 8vo, cloth, 14^:. 
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Hydraulic Motors. — Water or Hydraulic Motors. 

By Philip R. Bjorling. With 206 illustraHons^ crown 8vo, cloth, 91. 

CONTENTS : 



Introduction — 9. Hydraulics relating to Water Motors— 3. Water-wheels — 4. Breast 
r-wheels — 5. Overshot and High-breast Water-wheels— 6. Pelton Water-wheels— 7. 
General Remarks on Water-wheels — 8. Turbines— 9. Outward-flow Turbines — 10. Inward- 



flow Turbines — 11. Mixed-flow Turbines — la. Parallel-flow Turbines— 13. Circumferentiab* 
flow Turbines — 14. Regulation of Turbines — 15. Details of Turbines — 16. Water-pressiure or 
Hydraulic Engines — 17. Reciprocating Water-pressure Engines— >8. Rotative Water- 



)ure Engines — lo. Oscillating Water-pressure Enginesr-ao. Rotary Water-pressure 
Engines— ^x. General Remarks and Rules for Water-pressure Engines — 32. Hydraulic Rams 
—33. Hydraulic Rams without Air Vessel in Direct Communication with the Drive Pipe— 
34. Hydraulic Rams with Air Vessel in Direct Communication with the Drive Pipe — 35. 
Hydraulic Pumping Rams— 26. Hydraulic Ram Engines— 97. Details of Hydraulic Kams— 
aS. Rules, Formulas, and Tables for Hydraulic R^ums — 99. Measuring Water in a Stream 
and over a Weir — Index. 

Hydropathic Establishments. — The Hydro- 
pathic Establishment and its Baths, By R. O. Allsop, Architect. 
Author of * The Turkish Bath ' Illustrated with plates and sections^ 8vo, 

cloth, $S, CONTENTS : 

General Considerations — Requifements of the Hydropathic Establishment — Some existing 
Institutions — Baths and Treatments and the arrangement of the Bath-House — Vapour Baths 
and the Russian Bath— The Douche Room and its appliances — Massage and Electrical 
Treatment — Pulverisation and the Mont Dore Cure — Inhalation and the Pine Ciure— The 
Sun Bath. 

Ice Making. — Theoretical and Practical Ammonia 

Refrigeration^ a work of Reference for Engineers and others employed in 
the management of Ice and Refrigeration Machinery. By Iltyd L. 
Redwood^ Assoc. Mem. Am. Soc. of M.E., Mem. Soc. Chemical Indus- 
try. With 2^ pages of tables. Square i6mo, cloth, 4r. 6</. 

Indicator. — Twenty Years with the Indicator, By 

Thomas Pray, Jun., C.E., M.E., Member of the American Society of 
Civil Engineers. With illustrations ^ royal 8vo, cloth, loj. 6</. 

Indicator. — A Treatise on the Richards Steam- 

Engine Indicator and the Development and Application of Force in the 
SUam- Engine, By Charles T. Porter. With illustrations. Fourth 
edition, revised and enlarged, 8vo, cloth« gj. 

Induction Coils. — Induction Coils and Coil 

Making : a Treatise on the Construction and Working of Shock, Medical 
and Spark Coils. By F. C Allsop. Second edition, with 125 illustra" 
tionSf crown 8vo, cloth, 3J. 6d, 

Iron. — The Mechanical and other Properties of Iron 

and Steel in conttection with their Chemical Composition, By A. Vosmaer, 
Engineer. Crown 8vo, cloth, 6s, 

CONTENTS : 
The metallurgical behaviour of Carbon with Iron and Steel, also Manganese — Silicon-^ 
Phosphorus — Sulphur — Copper — Chromium — Titanium— Tungsten — ^Aluminitun— Nickel — 
Cobalt— Arsenic — Analyses of Iron and Steel, &c. 



12 CATALOGUE OF SCIENTIFIC BOOKS 



Iron Manufacture. — RoU-Tumingfor Sections in 

SUd and IroHf woridng dnwings for Rails» Sleepers, Giiders^ Bulbs, 
Tics, Angles, &c:, also Bloomi]^ and Cogging for Plates and BiDets. 
% Adam Spekcer. Second edltioo, wUh 78 Imrgtftaia. BInstimtions 
of neaify ercij dass of work in this Indasoy. 410^ dodi. iZ. io«. 

Lrocomotive. — The Construction of the Modem 

LocotnaUve, By G10R6K Hughbs, Assistant in the Chief Mechanical 
Engineei's Department, Lancashire and Yoikdiiie Railway. Numerous 
engravings^ 8yo, doth, gr. 

COM i AMIS: 
The Boiler— The Foundrf— the Use of Sted Ca.«tiiics»Bnss Foundry— The Fovse^ 
Saudqr, indtiding Springs— Coppersmiths' Work— The Madbine Shop— Erecdiic. 

Lrime and Cement. — A Manual of Lime and 

Cement^ their treatment and use in construction. By A. H. Hxath. 
Crown 8yo, doth, dr. 

Lriquid Fuel. — Liquid Fuel for MechaniccU and 

Industrial Purposes. CompQed by £. A. B&atlbt Hodgktts. With 
Vfood engravings. 8to, dodi, y. 

Machinery Repairs. — The Repair and Mainten- 
ance of Machinery ; a Handbook of Practical Notes and Memoranda for 
Engineers and Machinery Users. By T. W. Barber, C.E., M.E., 
Anthor of ' The Engineers' Sketdi Book.' WUh about 400 iUustroHans^ 
8vo, doth, lox. td. 

Mechanical Engineering. — Handbook for Me- 

chanical Engineers. By Henry Adams, Professor of Engineering at 
the City of London College, Mem. Inst C.K, Mem. List M.E., &c 
Fourth edition, revised and enlarged. Crown 8vo, doth, "js. 6d» 

contents: 

rj Fu n damental Principles or Mechanics— Varieties and Properties of Materials— Sdensth 
of Materials and Structures— Pattern Making— Moulding and Founding— Forging, Wdidnur 
"3 T \*J"**r"^o'^*»oP Tools and General Machinery— Transmission of Power, Friction 
and Lubncadon— Thermodynamics and Steam— Steam Boilers— The Steam Emrinifr— Hv. 
diauhc Machinery— Electrical Engineering— Sundry Notes and TaUes. 

Mechanical Engineering. — TA? Mechanician: 

a Treatise on the Construction and Manipulation of Tools, for the use and 
mstruction of Young Engineers and Sdentific Amateurs, comprising the 
-Y«^oi Blacksmithing and Forging; the Construction and Manufacture 
01 Hand Tools, and the various Methods of Using and Grinding them • 
aescnpuon of Hand and Machine Processes ; Turning and ScrewCuttine' 
iJy CAMERON Knight, Engineer. Containing 1147 ii/ustrations.l^d 
397 pages of letter-press. Fourth edition, 4to, doth, i&r. • 
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Mechanical Movements.-^ 7)4^ Engineers^ Sketch- 

Book of Mechanical Movements^ Devices ^ Appliances ^ Conirwances^ Details 
employed in the Design and Construction of Machinery for every purpose* 
Collected from numerous Sources and from Actual Work. Classified and 
Arranged for Reference. With 2600 Illustrations, By T. W. Barber, 
Engineer. Third edition, 8vo, cloth, i<w. 6rf. 

Metal Plate VJ ot]s..— Metal Plate Work: its 

Patterns and their Geometry. Also Notes on Metals and Rules in Men- 
suration for the use of Tin, Iron, and Zinc Plate-workers, Coppersmiths, 
Boiler-makers and Plumbers. By C. T. MiLLis, M.I.M.E. Second 
edition, considerably enlai^ed. With numerous illustrations. Crown 
8vo, cloth, 9J. 

Metrical lzkAt.%.— Metrical Tables. By SirG. L. 

MoLESWORTH, M.I.C.E. Third edition, rerised and enlarged, 32mo, 
doth, zs, 

Mill-Gearing. — A Practical Treatise on Mill-Gear- 

ing^ Wheels, Shafts, diggers, etc, ; for the use of Engineers. By Thomas • 
Box. Third edition, with 11 plates. Crown 8vo, cloth, p, 6d, 

Mill - Gearing, — TAe Practical Millwright and 

Engineer's Ready Reckoner; or Tables for finding the diameter and power 
of cog-wheels, diameter, weight, and power of shafts, diameter and 
strength of bolts, etc. By Thomas Dixon. Fourth edition, i2mo, 
cloth, y. 

Mineral Oils. — A Practical Treatise on Mineral 

Oils and their By- Products, including a Short History of the Scotch Shale 
Oil Industry, the Geological and Geographical Distribution of Scotch 
Shales, Recovery of Acid and Soda used in Oil Refining, and a list of 
Patents relaClng to Mineral Oils. By Iltyd I. Redwood, Mem. Soa 
Chemical Industry. 8vo, cloth, 151. 

Miners* Pocket-Book. — Miners' Pocket-Book ; a 

Reference Book for Miners, Mine Surveyors, Geologists, Mineralogists, 
Millmen, Assayers, Metallurgists, and Metal Merchants a^l over the 
world. By C. G. Warnford Lock, author of * Practical Gold Mining,' 
* Mining and Ore-Dressing Machinery,* &c Second edition, fcap. 8vo, 
roan, gilt edges, izr. 6d, 

CONTENTS : 
Motive Power— Dams and Reservoirs — ^Transmitting Power— Weights and Measures- 
Prospecting — Boring — Drilling — Blasting— Explosives — Shaft Sinking— Pumping— Venti- 
lating — Lighting — Coal Cutting — Hauling and Hoisting— Water Softening — Stamp Batteries 
—Crushing Rolk— Jordan's Centrifugal Process — River Mining — Ore Dressing— Gold, Silver, 
Copper ,Smclting— Treatment of Ores — Coal Cleaning— Mine Surveying— British Rodcs— 
Geological Maps— Mineral Veins — Mining Methods— Coal Seams — Minerals — Precious 
Stones — Metals and Metallic Ores— Metalliferous Minerals— Assaying— Glossary— List of 
Useful Books— Index, &c., &c., &c. 
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Mining and Ore-Dressing Machinery. — By 

C. G. Warnford Lock, Author of * Practical Gold Mining.' Numerous 
Ukutraiions^ super-royal 4to, cloth, 25/. 

Mining. — Economic Mining; a Practical Hand- 
book for the Miner, the Metallurgist, and the Merchant By C. G. 
Wa&nford Lock, Mem. Inst of Mining and Metallurgy, Author of 
' Practical Gold Mining.' With illustrations, Svo, cloth, 2ix. 

Municipal Engineering. — The Municipal and 

Sanitary Engineer's Handbook, By H. PsKCY BouLNOis, Mem. Inst 
C.E., Borough Engineer, Portsmouth. With numerous illustrations. 
Third edition, re-written, demy 8yo, doth, 15^. 

contents: 

The Appointment and Duties of die Town Surveyor — TraflSc— Macadamised Roadways-* 
Steam RoUmg— Road Metal and Breaking — Pitched Pavements— Asphalte— Wood Pavements 
— Footpaths'-Kerbs and Gutter»— Street Namii^ and Numbeni^— Street Lighting — Sewer- 
M|e— Ventilation of Sewers — Disposal of Sewage — House Drainage — Disinfection— Gas and 
Water Companies, etc.. Breaking up Streets— Improvement of Private Streets — Borrowuig 
Power»— Artizans' and Labourers' Dwellings— Public Conveniences — Scavenging, including 
' Street Cleansing — ^Watering and die Removing of Snow— Planting Street Trees — ^Deposit o< 
Plans — Dangerous Buildii^s— Hoardings— Obstructions — Improving Street Lines— Cellar 
Openings— Public Pleasure Grounds— Cemeteries — Mortuaries — Cattle and Ordinary Markets 
—Public Slaughter-houses, etc^-Giving numerous Forms of Notices, Spedficadons,- and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Paints. — Pigments^ Paint and Painting. A 

Practical Book for Practical Men. By George Terry. With illus- 
trationsy crown Svo, cloth, ^s, 6d, 

Paper Manufacture. — A Text-Book of Paper- 
Making, By C. F. Cross and E. J. Bevan. With engravings, crown 
Svo, cloth. New edition in the press. 

Perfumery. — Perfumes and their Preparation^ 

containing complete directions for making Handkerchief Perfumes, 
Smelling Salts, Sachets, Fumigating Pastils, Preparations for the care of 
tiie Skin, the Mouth, the Hair, and other Toilet articles, with a detailed 
description of aromatic substances, their nature, tests of purity, and 
wholesale manufacture. By G. W. Askinson, Dr. Chem. With 32 
engravings, Svo, cloth, I2j. 6</. 

Perspective. — Perspective^ Explained and Illus- 
trated, By G. S. Clarke, Capt R.E. With illustrations, Svo, cloth, 

Phonograph. — The Phonograph, and How to Con- 

struct it. With a Chapter on Sound. By W. Gillett. With engravings 
and full working drawings, crown Svo, cloth, 5j. 
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Popular Engineering. — Popular Engineering, 

being interesting and instructive examples in Civile Mechanical^ Electrical^ 
Chemical^ Minings Military and Naval Engineerings graphically and 
plainly described, and specially written for those about to enter the 
Engineering Profession and the Scientific Amateur, with chapters on 
Perpetual Motion and Engineering Schools and Colleges. By F. Dye, 
With 700 illustrations s crown 4to, cloth, 71. td. 

Plumbing. — Plumbing, Drainage, Water Supply 

and Hot Water Fitting, By JOHN Smeaton, C.E., M.S.A., R.P., 
Examiner to the Worshipful Plumbers' Company. Numerous engravings, 
8vo, cloth, 7^. 6d. 

Pumping Engines. — Practical Handbook on 

Direct-acting Pumping Engine and Steam Pump Construction, By 
Philip R. BjaRLiNG. With 20 plates, crown 8vo, cloth, 51. 

Pumps. — A Practical Handbook on Pump Con- 

struction. By Philip R. Bjorling. Plaies^ crown 8vo, cloth, 5^. 

CONTENTS : 
Principle of the action of a Pump — Classification of Pumps — Description of various 
classes of Pumps— Remarks on designing Pumps— Materials Pumps should be made of for 
different kinds of Liquids— Description of various classes of Pump-valves— Materials Pump- 
valves should be made of for different kinds of Liquids — ^Various Classes of Pumi>-buckets— 
On designing Pump-buckets^Various Classes of Pump-pistons— Cup-leathers— Air^essels— 
Rules and Formulas, &c., &c. 

Pumps. — Pump Details, With 278 illustrations. 

By Philip R. Bjorling, author of a Practical Handbook on Pump 
Construction. Crown 8vo, cloth, 7j. 6i/. 

contents : 

Windbores — Foot- valves and Strainers— Clack-pieces, Bucket-door-pieces, and H'pieoes 
Working-barrels and Plunger-cases— Plungers or Kams — Piston and Plunger, Bucket and 
Plunger, Buckets and Valves — Pump-rods and Spears, Spear-rod Guides, &c.— Valve-swords, 
Spindles, and Draw-hooks — Set-ofis or Off-sets— Pipes, Pipe-joints, and Pipe-stays^Pump- 
slmgs — Guide-rods and Guides, Kites, Yokes, and Connecting-rods — L. Bobs, T Bobs, 
Angle or V Bobs, and Balance-beams, Rock-arms* and Fend-off Beams, Cisterns, and Tanks 
—Minor Details. 

Pumps. — Pumps and Pumping Machinery. By 

F. CoLYER, Mem. Inst. C.E., Mem. Inst. M.E. Part I., second edition, 
revised and enlarged, with <p plates, 8vo, cloth, i/. &r. Part II,, I2j. td, 

CONTENTS : 
Three-throw Lift and Well Pumps— Tonkin's Patent '* Cornish " Steam Pump— Thome- 
will, and Warham's Steam Pump— Water Valves — Water Meters— Centrifiigal Pumping 
Machinery — Airy and Anderson's Spiral Pumps — Blowing Engines — ^Air Compressors-* 
Horizontal High-Pressure Engines — Horizontal Compound Engines— Beidler Engine— Ver- 
tical Compound Pumping Engines — Compound Beam Pumping Engines — Shonheyder's 
Patent Regulator — Cornish Beam Engines — Worthington High-^uty Pumping Engine*^ 
Davy's Patent Differential Pumping Engine — Tonkin's Patent Pumping Engine — ^Lancashire 
Boiler— Babcock and Wilcox Water-tube Boilers. 
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Pumps. — Pumps^ Historically y Theoretically y and 

Practically Considered, By P. R. BjoRLlNO. With 156 illustrations. 
Crown 8vo, cloth, ^s* 6d, 

Quantities. — A Complete Set of Contract Docutnents 

for a Country Lodge, comprising Drawings, Specifications, Dimensions 
(for quantities), Abstracts, Bill of Quantities, Form of Tender and Con- 
tract, with Notes by J. Leaning, printed in facsimile of the original 
documents, on single sheets fcap., in linen case, 5^. 

Quantity Surveying. — Quantity Surveying, By 

J. Leaning. With 68 illustrations. Third edition, revised, demy 8vo, 
cloth, 15;. 

contents : 



A complete Explanation of the London 

Genoal Instructions. 

Order of Taking Off. 

Modes of Measurement of the various Trades. 

Use and Waste. 

Ventilation and Warming. 

Credits, with various Examples of Treatment. 

Abbreviations. 

Squaring^ the Dimensions. 

Abstractmg, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 

Do. Bill of Credits. 

Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of Bill 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Woric, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Old Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Takmg Off" in each Trade. 
Remarks on the Fast and Present Methods 

of Estimating. 



Railway Curves. — Tables for Setting out Curves 

for Railways, Canals, Roads, etc, varying from a radius of five chains 
to three miles. By A. Kennedy and R. W. Hackwood. Illustrated, 
32mo, cloth, 2s, 6d, 

Roads. — The Maintenance of Macadamised Roads. 

By T. Codrington, M.I.C.E., F.G.S., General Superintendent of 
County Roads for South Wales. Second edition, 8vo, cloth, ^s, 6d, 

Scamping Tricks. — Scamping Tricks and Odd 

Knowledge occasionally practised upon Public Works, chronicled from the 
confessions of some old Practitioners. By John Newman, Assoc M. 
Inst. C.£., author of ' Earthwork Slips and Subsidences upon PubUc 
Works,' * Notes on Concrete,* &c. Crown 8vo, cloth, 2J. 6^. 

Screw Cutting. — Turners Handbook on Screw 

Cutting, Coning, etc, etc., with Tables, Examples, Gauges, and 
Formidae. By Walter Price. Fcap. 8vo, cloth, u. 
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Screw Cutting. — Screw Cutting Tables for En- 
gineers and Machinists^ giving the values of the different trains of Wheels 
required to produce Screws of any pitch, calculated by Lord Lindsay. 
Oblong, cloth, 2s. 

Screw Cutting. — Screw Cutting Tables, for the 

use of Mechanical Engineers, showing the proper arrangement of Wheels 
for cutting the Threads of Screws of any required pitch, with a Table for 
making the Universal Gas-pipe Threads and Taps. By W. A. Martin, 
Engineer. Second edition, oblong, cloth, is. 

Sewerage. — Sewerage and Sewage Disposal. By 

Henry Robinson, Mem. Inst. C.E., F.G.S., Professor of Civil 
Engineering, King's College, London, &c., with large folding plate. 
Demy 8vo, doth, \2s. 6d, 

Slide Valve. — A Treatise on a Practical Method 

of Designing Slide- Valve Gears by Simple Geometrical Construction^ based 
upon the principles enunciated in Euclid's Elements, and comprising the 
various forms of Plain Slide- Valve and Expansion Gearing ; together with 
Stephenson's, Gooch's, and Allan's Link-Motions, as applied either to 
reversing or to variable expansion combinations. By Edward J. Cow- 
ling Welch, Mem. Inst. M.E. Crown 8vo, cloth, 6j. 

Soap. — A Treatise on the Manufacture of Soap and 

Candlesy Lubricants and Glycerine. By W. Lant Carpenter, B.A,, 
B.Sc. With illustrations^ new edition, revised, crown 8vo, I2J. 6i/. 

Stair Building. — Practical Stair Building and 

Handrailing by the Square Section and Falling Line System. By W. H. 
Wood. Folding pkttes^ post 4to, cloth, loj. &/. 

Steam Boilers. — Steam Boilers^ their Manage- 
ment and Working on land and sea. By James Peattie. With 
illustrations^ croin^n 8vo, cloth, 5^. 

Steam Engine. — A Practical Treatise on the 

Steam Engine^ containing Plans and Arrangements of Details for Fixed 

Steam Engines, with Essa3rs on the Principles involved in Design and 

Construction. By Arthur Rigg, Engineer, Member of the Society of 

Engineers and of the Royal Institution of Great Britain. Demy 4to, 

copiously illustrated with woodcuts and 103 plates^ in one Volume. 

Second edition, cloth, 25^. 

^^Us work is not, in any sense, an elementary treatise, or history oi the steam engine, but 

is intended to describe examples of Fixed Steam Engines widiout entering into the wide 

domain of locomotive or marine practice. To this end illustrations will be given of the most 

recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Senii- 

portable, Coruss, Allen, Compound, and other similar Engines, by the most eminent Firms in 

Great Britain and America. The laws relating to the action and precautions to be observed 

in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting' 

B 
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rods, Cross-heauls, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibriain 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection wilibe found 
articles upon the Vdodty of Kedprocatiiv Parts and the Mode of Applying the Indicator, 
Heat ana Expansion of Steam Governors, and the like. It is the writer's desire to draw 
Illustrations from every possible source, imd give only those rules that present practice deems 
correct* 

Steam Engine.— Zlfe Steam Engine considered as 

a Thermodynamic Machine^ a treatise on the Thermodynamic efficiency 
of Steam Engines, illustrated by Tables, Diagrams, and Examples from 
Practice. By Jas. H. Cotterill, M.A., F.R.S., Professor of Applied 
Mechanics in the Royal Naval College. Third edition, revised and 
enlarged, 8vo, cloth, 15^. 

Steam Engine. — Steam Engine Management ; a 

Treatise on the Working and Management of Steam Boilers. By F. 
CoLYER, M. Inst. C.E., Mem. Inst M.E. New edition, i8mo, cloth, 
y.6d. 

Steam Engine. — A Treatise on Modem Steam 

Engines and Boilers^ including Land, Locomotive and Marine Engines 
and Boilers, for the use of Students. By Frederick Colykr, M. Inst 
C.E., Mem. Inst M.E. With ^1^ plates. 4to, cloth, 12s, 6d. 

Sugar. — Tables for the Quantitative Estimation of 

the Sugars^ with Explanatory Notes. By Dr. Ernest Wein ; translated, 
with additions, by William Frew, Ph.D. Crown 8vo, cloth, dr. 

Sugar. — A Handbook for Planters and Refiners ; 

being a comprehensive Treatise on the Culture of Sugar-yielding Plants, 
and on the Manufacture, Refining, and Analysis of Cane, Palm, Maple, 
Melon, Beet, Sorghum, Milk, and Starch Sugars ; with copious 
Statistics of their Production and Commerce, and a chapter on the 
Distillation of Rum. By C, G. Warnford Lock, F.L.S., &c. ; 
B. E. R. Newlands, F.C.S., F.I.C., Mem. Council Soc. Chemical 
Industry ; and J. A. R. Newlands, F.C.S., F.I.C. Upwards of 2x30 
illustrations and many plates^ 8vo, cloth, i/. lar. 

Surveying. — A Practical Treatise on the Science of 

Land and Engineering Surveying^ Levelling^ Estimating Quantities, etc,, 
with a general description of the several Instruments required for Sur- 
veying, Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, 
revised by G. W. Usill, Assoc. Mem. Inst C.E. 41 plates, with iHus- 
trations and tables ^ royal 8vo, cloth, 12s, 6d, 

Surveying and Levelling. — Surveying and 

Levelling Instruments theoretically and prcutically describaly for construc- 
tion, qualities, selection, preservation, adjustments, and uses, with other 
apparatus and appliances used by Civil Engineers and Surveyors. By 
W. F. Stanley. Second edition. 350 cuts, crown 8vo, cloth, yj. ^d. 
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Tables of Logarithms. — A B C Five-Figure 

Logarithms for general use. By C. J. Woodward, B.Sc Containing 
Mantissae of numbers to 10,000. Log. Sines, Tangents, Cotangents, and 
Cosines to 10" of Arc. Together with fiill explanations and simple 
exercises showing use of the tables. 4^. 

Tables of Squares. — Barlow's Tables of Squares, 

Cttbes, Square Roots, Cube Roots, Reciprocals of all Integer Numbers up to 
io,ooa Post 8vo, cloth, 6x. 

Telephones. — Telephones, their Construction and 

Fitting, By F. C. Allsop. Fourth edition, revised. With 210 illustra- 
tions. Crown 8vo, cloth, $s. 

Tobacco Cultivation. — Tobacco Growing, Curing, 

and Manufacturing; a Handbook for Planters in all parts of the world. 
Edited by C. G. Warnford Lock, F.L.S. With illustrations. Crown 
8vo, cloth, *]s, (id. 

Tropical Agriculture. — Tropical Agriculture: a 

Treatise on the Culture, Preparation, Commerce and Consumption of the 
principal Products of the Vegetable Kingdom. By P. L. Simmonds, 
F.L.S., F.R.C.I. New edition, revised and enlarged, 8vo, cloth, 2IJ. 

Turning. — The Practice of Hand Turning in Wood^ 

Ivory, Shell, etc,, with Instructions for Turning such Work in Metal as 
may be required in the Practice of Turning in Wood, Ivory, etc. ; also 
an Appendix on Ornamental Turning. (A book for beginners.) By 
Francis Campin. Third edition, with wood engravings, crown 8vo, 
cloth, is, 6d. 

Valve Gears. — Treatise on Valve- Gears, with 

special consideration of the Link-Motions of Locomotive Engines. By 
Dr. GuSTAV Zeuner, Professor of Applied Mechanics at the Confede- 
rated Polytechnikum of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. Klktn, Lehigh University, Bethlehem, Pa. 
Illustrated, 8vo, cloth, 12s, 6d. 

Varnish. — The practical Polish and Varnish-Maker ; 

a Treatise containing 750 practical Receipts and Formulae for the Manu- 
facture of Polishes, Lacquers, Varnishes, and Japans of all kinds, for 
workers in Wood and Metal, and directions for using same. By H. C. 
Standage (Practical Chemist), author of 'The Artist's Manual of 
• Pigments.' Crown 8vo, cloth, 6j. 
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Ventilation. — Health and Comfort in House Build- 
ing; or, Ventilation with Warm Air by Self-acting Suction Power. 
With Review of the Mode of Calculating the Draught in Hot-air Flues, 
and with some Actual Experiments by J. Drysdalb, M.D., and J. W. 
Hayward, M.D. With plates and woodcuts. Third edition, with some 
New Sections, and the whole carefully revised, 8vo, cloth, 7j. 6^. 

Warming and Ventilating. — A Practical 

Treatise upon Warming Buildings by Hot Water^ and upon Heat and 
Heating Appliances in general ; with an inquiry respecting Ventilation, 
the cause and action of Draughts in Chimneys and Flues, and the laws 
relating to Combustion. By Charles Hood, F.R.S. Re-written by 
Frederick Dye. Third edition. 8vo, cloth, 15X. 

Watchwork. — Treatise on Watchwork, Past and 

Present, By the Rev. H. L. Nelthropp, M.A., F.S.A. With 32 
illustrations^ crown 8vo, cloth, 6j. td, 

CONTENTS : 
Definitions of Words and Terms used in Watchwork— Tools— Time— Historical Sum- 
mary— On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The Horizontal— The DujJex— The Lever— The Chronometer— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring— Compensation — Jewelling of 
Pivot Holes— Clerkenwell — Fallacies of the Trade — Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Water Softening. — Water Softening and Purifi- 
cation : the Softening and Clarification of Hard and Dirty Waters. By 
Harold Collet. Crown 8vo, cloth, $s. 

Waterworks. — TAe Principles of Waterworks 

Engineering, By J. H. T. Tudsbery, D.Sc, Hunter Medallist of Glas- 
gow University, M. Inst C.E., and A. W. Brightmore, M.Sc, Assoc. 
M. Inst. C.E. Second edition, with illustrations and 13 plates^ medium 
8vo, cloth, 25J. 

Well Sinking.— Well Sinking, The modern prac- 
tice of Sinking and Boring Wells, with geological considerations and 
examples of Wells. By Ernest Spon, Assoc. Mem. Inst C.E. 
Second edition, revised and enlarged. Crown 8vo, doth, lox. td. 

Wiring. — Incandescent Wiring Hand-Book. By 

F. B. Badt, late ist Lieut Royal Prussian Artillery. With 41 illustra- 
tions and 5 tables, i8mo, cloth, 4^. 6^. 

Wood- working Factories. — On the Arrange- 
ment^ Care, and Operation of Wood-working Factories and Machinery, 
forming a complete Operator's Handbook. By J. Richard, Mechanical 
Engineer. Second edition, revised, woodcuts, crown 8vo, cloth, 5j. 
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8P0N8' DICTIONARY OF ENGINEERING, 

CIVIL, MECHANICAL, MILITAET, & UrAYAL, 



WITH 



Technical Terms in French, German, Italian, and Spanish. 



In 97 numbers^ Super-royal Svo, containing 3132 printed pages and 7414 
engravings. Any number can be had separate : Nos. i to 95 is, each, 
post free ; Nos. 96, 97, 2J., post free. 



Complete List of all the Subjects : 



Abacus 

Adhesion .. 

Agricuhural Engines .. I 

Air-Chamber 

Air Pump .. 

Algebraic Signs .. 

Alloy 

Aluminium •• 

Amalgamating Machine .. 
Ambulance .. 

Anchors .. ,.. 
Anemometer .. .. 2 
Angular Motion .. .. 3 

Angle-iron.. 
Angle of Friction . . 
Animal Charcoal Machine 
Antimony, 4 ; Anvil 
Aqueduct, 4; Arch 
Archimedean Screw 
Arming Press .. .. 4 

Armour, 5 ; Arsenic 
Artesian Well 

Artillery, 5 and 6 ; Assaying 
, Atomic Weights .. .. 6 

Auger, 7 ; Axles .. 
Balance, 7 ; Ballast 
Bank Note Machinery .. 
Barn Machinery .. .• 7 
Barker's Mill 
Barometer, 8; Barracks .. 



Nos. 
.. I 
.. I 
and 2 
.. 2 
•• 2 

.. 2 

.. 2 

.. 2 

.. 2 

.. 2 

.. 2 

and 3 
and 4 
.. 3 
.. 3 
.. 4 
.. 4 
.. 4 
.. 4 
and 5 

.. 5 

:: I 

and 7 
.. 7 
.. 7 
.. 7 
and 8 
.. 8 
.. 8 



Nos. 

Barrage 8 and 9 

Battery 9 and 10 

Bell and Bell-hanging .. ..10 

Belts and Belting .. ..10 and 11 

Bismuth .. .. .. •• 11 

Blast Furnace .. .. ii and 12 

Blowing Machine «« ..12 

Body Plan 12 and 13 

Boilers I3» I4» 15 

Bond 15 and 16 

Bone Mill 16 

Boot-making Machinery .. .. 16 

Boring and Blasting .. 16 to 19 

Brake 19 and 20 

Bread Machine .. 
Brewing Apparatus 
Brick-making Machines 
Bridges 
Buffer 
Cables 

Cam, 29 ; Canal . . 
Candles 

Cement, 30; Chimney 
Coal Cutting and Washing Ma- 
chinery .. ., ,. ., 31 
Coast Defence ., .. 3if 32 
Compasses.. .. .. .. 32 

Construction .. .,32 and 33 
Cooler, 34 ; Copper .. ..34 

Cork cutting Machine .. «• 34 



20 
. 20 and 21 

..21 
. 21 to 28 

.. 28 
, 28 and 29 

.. 29 

29 and 30 
30 
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Corrosion .. 
Cotton Machinery 
Damming .. 
Details of Engines 
Displacement 
Distilling Apparatus 



Vpparati 
I Diving 



Nos. 
.. 34 and 35 

.. 35 
.. 35 to 37 
•• 37. 38 

.. 38 

_ ^. ..38 and 39 

Diving and Diving Bells .. 39 

Docks 39 and 40 

Drainage 40 and 41 

Drawbridge 41 

Dredging Machine .. .•41 

Dvnamometer .. .. 41 to 43 
Electro-Metallurgy .. 43> 44 

Engines, Varieties .. 44} 45 

Engines, Agricultural .. i and 2 
Engines, Marine .. .. 74f 75 

Engines, Screw .. .. 89, 90 

Engines, Stationary .. 91* 92 
Escapement .. .. 45t 46 

Fan 46 

File-cutting Machine .. ..46 

Fire-arms 4^. 47 

Flax Machinery .. .. 47> 48 

Float Water-wheels .. ..48 

Forging 48 

Founding and Casting .. 48 to 50 
Friction, 50 ; Friction, Angle of 3 
Fuel, 50; Furnace .. 50, 51 

Fuze, 51 ; Gas 51 

Gearing 51, 52 

Gearing Belt .. .. 10, 1 1 

Geodesy 52 and 53 

Glass Machineiy 53 

Gold, 53, 54; Governor.. .. 54 

Gravity, 54; Grindstone .. 54 

Gun-carriage, 54; Gun Metal .. 54 
Gunnery .. .. .. 54 to 56 

Gunpowder .. .. ..56 

Gun Machinery .. .. 56, 57 

Hand Tools .. .. 57,58 

Hanger, 58; Harbour .. ..58 

Haulage, 58, 59; Hinging .. 59 
Hydraulics and Hydraulic Ma- 
chinery 59^063 

Ice-making Machine .. ..63 

India-rubber .. .. ..63 

Indicator .. .. ..63 and 64 

Injector .. .. .. 64 

Iron 64 to 67 

Iron Ship Building .. ..67 

Irrigation .. .. ..67 and 68 



Isomorphism, 68 ; Joints 



Nos. 
..68 
Keels and Coal Shipping 68 and 69 
Kiln, 69 ; Knitting Madiine .. 69 
Kyanising .. .. .. .. 69 

Lamp, Safety .. .. 69, 70 

Lead 70 

Lifts, Hoists .. .. 70, 71 

Lights, Buoys, Beacons ..71 and 72 
Limes, Mortars, and Cements .. 72 
Locks and Lock Gates .. 72, 73 
Locomotive .. .. ••73 

Machine Tools .. .. 73> 74 
Manganese .. .. •• 74 

Marine Engine . . . . 74 and 75 

Materials of Construction 75 and 76 
Measuring and Folding .. ..76 

Mechanical Movements .. 7^1 77 
Mercury, 77 ; Metallurgy .. 77 

Meter 77,78 

Metric System .. .. ..78 

Mills 78» 79 

Molecule, 79 ; Oblique Arch .. 79 
Ores, 79, 80 ; Ovens .. .. 80 

Over-shot Water-wheel .. 80, 81 

Paper Machinery 81 

Permanent Way .. .. 81,82 

Piles and Pile-driving . . 82 and 83 

Pipes 83,84 

Planimeter .. .. ..84 

Pumps . . 84 and 85 

Quarrying 85 

Railway Engineering .. 85 and 86 

Retaining Walls 86 

Rivers, 86, 87; Riveted Joint .. 87 

Roads 87, 88 

Roofs 88,89 

Rope-making Machinery .. 89 

Scaffolding 89 

Screw Engines .. .. 89, 90 
Signals, 90; Silver .. 90^ 91 
Stationary Engine .. 91, 92 
Stave-making & Cask Machinery 92 
Steel, 92 ; Sugar Mill .. 92, 93 
Surveying and Surveying Instru- 
ments .. .. 93*94 
Telegraphy .. .. 94, 95 
Testing, 95 ; Turbine .. ••95 

Ventilation .. 95, 96, 97 

Waterworks .. .. 96, 97 
Wood-working Machinery 96, 97 
Zinc 96,97 



PUBLISHED BY E. & F. N. SPON, Lm 



«3 



In supeMToyal 8vo, zx68 pp^ with a^oo tihutraiiffntt in 3 Divisions, doth, price 13^* 6d, 
each ; or x voL, dodi, a/. ; or half-morocco, s/. Zi, 

A SUPPLEMENT 

TO 

8PON8' DICTIONARY OF ENGINEERING. 

Edited by ERNEST SPON, Assoc. Mem. Inst. C.£. 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultiiral Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calctdtts, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Catting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Predging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
tical details,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 

. the practical work of 

the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

lifts, Hoists, and Eleva- 
tors. 



Lighdiouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construe* 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

WeU Sinking. 
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In demy 4to, handsomely bound in cloth, illustrated with 220 JuU page platei^ 

Price i$s. 



ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A 00MPL3GTS WORK ON THE DETAILS AND ARRANGEMENT 
OF BXTILDINa CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing aao Platea, with numerous Drawings selected from the Architecture 
of Former and Present Times. 

The Details and Designs are Drawn to Scale^ ^", J", J", and Full siu 
being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chinmey Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads : — ^Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 



Speamen Pages y reduced from the originals. 
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IViiA nearfy 1500 UlustraHonsy iu super-royal 8vo, In 5 Divisions, doth. 
Divisions i to 4, ijx. 6^. each ; Division 5, lyj. 6^. ; or 2 vols^ cloth, £% lOf. 

SPONS" ENCYCLOPEDIA 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
foUowing :— 



Adds, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 ^s. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 



Bleaching Powder, 151 
Bleaching, 51 pp. 48 fi^ 
Omdles, 18 pp. 9 figs. 



5 PP- 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pi ' 
Carbon Bisulphide. 



Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. i^ figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-doth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 11 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 ngs- 

Leather, 20 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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SECOND EDITION, 

Crown 8vOy cloth^ with iUustroHons^ 6s. 

WORKSHOP RECEIPTS. 

FIRST SERIES. 



SYNOPSIS OF 

Alloys 

Bleaching 

Bookbinding 

Bronzing 

Candle-making 

Cements and Lutes 

Cleansing 

Crayons 

Dra^vings 

Dyeing 

Electro-plating 

Engraving 

Etching 

Explosives 

Fireworks 

Fluxes 

Fulminates 

Glass 



CONTENTS. 

Graining 

Gunpowder 

Iron & Steel Tem- 
pering 

Lathing and Plas- 
tering 

Marble 'Working 

Painting 

Paper 

Paper-hanging 

Papier-M^ch6 

Pavements 

Photography 

Plating 

Polishing 

Pottery 

Recovering 'Waste 
Metal 
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Crown 8yo, cloth, 485 pages, with illustrations, 5/. 

WORKSHOP RECEIPTS. 

SECOND SERIES. 

Synopsis of Contents. 



Addimetry and Alkali- 
metry. 
Albumen. 
Alcoho]. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut, 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting : embracing the preparation of 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivoiy, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, Egyptian, 
mai^anate, Paris, Peligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehicles, testing oils, cuiers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removmg smeU, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re- varnishing, 
how to dry paint ; woodwork painting). 
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Crown Svo, doth, 480 pages, with 183 illustrations, 5i. 



WORKSHOP RECEIPTS. 



THIRD SERIES. 



CTniform with the First and Second Series. 



Synopsis of Costents. 



Alloys. 

Aluminium. 

Antimony. 

Barium. 

Beryllium. 

Bismuth. 

Cadmium. 

Caesium. 

Calcium. 

Cerium. 

Chromium. 

Cobalt 

Copper. 

Didymium. 

Enamels and Glazes. 

Erbium. 

Gallium. 

Glass. 

Gold. 

Indium. 



Iridium. 

Iron and SteeL 

Lacquers and Lacquering. 

Lanthanum. 

Lead. 

Lithium. 

Lubricants. 

Magnesium. 

Manganese. 

Mercury. 

Mica. 

Molybdenum 

Nickel 

Niobium. 

Osmium. 

Palladium. 

Platinum. 

Potassium. 

Rhodium. 



Electrics, — Alarms, Bells, Batteries. Carbons, Coils, 
phones, Measuring, Phonographs, Telephones, &c., 130 pp. 



Rubidium. 

Ruthenium. 

Selenium. 

SUver. 

Slag. 

Sodium. 

Strontium. 

Tantalum. 

Terbium. 

Thallium. 

Thorium. 

Tin. 

Titanium. 

Tungsten. 

Uranium. 

Vanadium. 

Yttrium. 

Zinc. 

Zirconium. 



D3mamos, Micro- 
,112 illustrations. 
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WORKSHOP RECEIPTS. 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & UECHANICAL SUBJECTS. 

860 niutratioiii, with Complete Index, and a General Index to the 
7oiir Seriei, 6i. 



Waterproofing — rubber goods, cuprammoniiun processes, miscellaneous 

preparations. 
Packing and Storing articles of delicate odour or colour, oi a deliquescent 

character, liable to ignition, apt to sufifer from insects or damp, or easily 

broken. 
Embalming and Preserving anatomical specimens. 
Leather Polishes. 
Cooling Air and Water, producing low temperatures, making ice, cooling 

syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every usefiil contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, eta 

Musical Instruments — the preservation, timing, and repair of pianos, 
harmoniums, musical boxes, etc. 

Clock and Watch Mending — adapted for intelligent amateurs. 

Photography — recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 
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Crown 8vo, cloth, with 373 illustrations, price 5j. 

WORKSHOP RECEIPTS, 

FIFTH SERIES. 



Containing many new Articles, as well as additions to Articles included in 
the previous Series, as follows, viz. : — 



Anemometers. 

Barometers, How to make. 

Boat Building. 

Camera Lucida, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion and Protection of Metal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. 

Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bells, 
Conmiutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa- 
ratus, Regulators, Electric Welding 
and Apparatus, Transformers. 

Evaporating. 

Explosives. 

Filtering. 

Fireproofing, Buildings, Textile Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

Glass Manipulating. Drilling, Cut- 
ting, Bresdcing, Etching, Frosting, 
Powdering, &c. 



Glass Manipulations for Laboratory 

Apparatus. 
Labels, Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Welding 

Enamels for Iron and other Metals^ 

Gold Beating, Smiths' Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c. 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereotyping, 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing, 
Walking Sticks. 
Waterproofing. 



32 CATALOGUE OF SCIENTIFIC BOOKS. 

In demy 8vo^ doth, 600 pages and 1420 illustrations^ 6s. 
FOURTH EDITION. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 

Contents. 
Mechanical Drawing-^Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
—Soldering, Brazing, and Burning— Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 20b Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building— Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — ^Turning in Wood 
and Metals— Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c.— 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — BeU-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation— Hints on House Construction suited to new 
countries. 

E. 6b F. N. SFON, Ltd., 126 Strand, London. 

New York : SPON & CHAMBEBIiAIV. 
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